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Abstract, 


Part  I. 

The  sensitive  large-ion  counter  which  had  been  previously  developed 

(JUNGL  and  ABLL  1965,  and  ABLL  and  JUNGE  1966)  has  been  improved 

and  tested  under  field  conditions.  It  can  be  •_  ed  to  determine  aero- 
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sol  particle  sue  distributions  between  10  cm  and  10  cm  par- 

_3 

ticxe  radius  at  total  particle  nunber  concentrations  down  to  500  cm 
with  moderate  resolution.  Errors  of  measurement  and  restrictions 
with  respect  to  the  electrical  charge  distribution  in  the  aerosol 
are  discussed.  The  instrument  was  tested  and  measurements  were  made 
at  the  following  locations  in  more  or  less  clean  airs  1.  dchauins- 
land„  1200  m  above  sea  level  in  the  Black  Forest,  Germany,  August 
1 967 1  2.  Bay  of  Biscay,  on  research  vessel  "meteor",  October  1967; 

3.  Observatory  Iran#,  2360  m  above  sea  level  on  Tenerife,  Canery 
Islands,  march  1?68.  Some  of  the  results  obtained  at  these  pieces 
are  discussed. 

Part  II. 

A  gravimetric  method  is  described  for  the  determination  of  the 
growth  of  aerosol  samples  in  vapors  of  water  and  organic  solvanta. 
Results  of  measurements  for  samples  of  natural  end  artificial  aero¬ 
sols  for  water  vapor  are  discussed  to  demonstrate  the  possibilities 
of  the  method  and  some  special  characteristics  of  there  growth  cur¬ 
vet,  such  as  the  smooth  fora  of  the  curve*  and  the  hysteresis  effect. 

Experiment*  are  discuroed  which  shew  that  the  typical  smooth  fora 
of  the  growth  curves  of  natural  continental  aerosols  can  be  ex¬ 
plained  by  the  presence  of  salt  mixtures  an,.'  insoluble  materiel. 

It  is  found  that  both  the  mutual  influence  on  solubility  among  the 
various  ions  as  well  as  interaction  between  dissolved  and  insoluble 
material  ten -is  to  smooth  the  shape  of  thee*  curves. 
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The  study  of  hysteresis  indicated  that  this  effect  is  due  partly 
to  the  supersaturation  of  solutions  and  partly  to  the  existence  of 
pores  in  the  aerosol  particles  or  at  .'east  in  the  aerosol  sample. 
There  is  evidence  that  the  effect  of  the  pores  is  enhanced  by  the 
interaction  between  soluble  and  insoluble  material. 

The  study  of  growth  of  natural  aerosol  particles  in  organic  vapors 
showed  that  organic  material  is  present  which  results  in  similar 
growth  curves  as  in  the  case  of  water  vapor  It  became  clear,  how¬ 
ever,  that  growth  in  organic  vapors  will  influence  the  subsequent 
growth  in  water  vapor,  i.e.  that  exposure  of  the  aerosol  samples 
to  organic  vapors  is  not  reversible.  Heating  of  aerosol  samples  up 
to  150°  C  resulted  in  mass  losses  up  to  35*.  This  mass  loss  is  due 
to  both  organic  and  inorganic  components. 

foi  further  systematic  study  of  the  oroanic  components  in  aerosols 
we  developed  the  so-called  "solution"  method.  In  this  method  the 
mess  losses  are  determined  after  exposure  of  the  sample  to  a  certain 
sequence  of  solvents. 
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•  A  Sensitive  Large-Ion  L0Unter  for 
Sire  uistr ibutions  of  Atmospheric 
Particles  with  Radii  Smaller  than 


Studying 
Aerosol 
0.1  micron. 


1.  Introduction. 


The  study  of  particle  size  distributions  of  atmospheric  aerosols 
in  unpolluted  areas  is  the  objective  of  a  research  group  at  our 
institute.  These  size  distributions  range  over  many  orders  of  mag¬ 
nitude  in  particle  concentration  as  well  as  in  particle  size.  Sines 
the  predominant  physical  properties  of  particles  uthich  can  be  used 
for  size  determination,  such  as  diffusion,  mobility,  light  scatter¬ 
ing,  inertia,  vary  strongly  with  particle  Size  it  is  not  possible 
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to  cover  the  whole  size  range  from  10  to  10  cm  radius  by  one 
single-  method.  In  view  of  the  additional  difficulty  of  rather  low 
concentrations  under  clean  air  conditions  it  is,  therefore,  neces¬ 
sary  to  use  several  methods  in  parallel  for  the  whole  size  range. 
Most  of  the  methods  available  are,  however,  only  useful  for  con¬ 
centrations  which  a, a  higher  than  those  which  we  intended  to  study. 
It  was,  therefore,  recessary  to  develop  and  refine  existing  methods 
in  order  to  meet  the  requirements. 

The  total  particle  concentration  in  clean  air  ranger  from  about 
2  3  3 

10  to  10  particles  p*i  cm  ,  most  of  which  are  found  between 
-7  -5 

3.10  and  10  cm  radius.  The  particle  size  range  for  radii  lar¬ 
ger  than  10  ^  cm  can  be  studied  by  methods  which  use  light  scatter¬ 
ing,  inertia  (impactor)  or  the  optical  microscope.  The  ^article 
size  range  below  about  10  ^  cm  radius  is  difficult  to  mtasurs  if 
it  is  intended  to  use  methods  applicBble  for  routine  measurements 
in  the  field.  The  methods,  which  might  be  considered  for  our  ob¬ 
jective  wfre  following! 

a)  Electron  microscope 

b)  Diff'usional  separation  of  aerosols  in  connection  with  a  conden¬ 
sation  nuclei  counter 

c)  determination  of  the  ion  mobility  spectrum  end  conversion  of  this 
ion  spectrum  into  an  aerosol  spectrum 

d)  tiactrical  separation  of  ions  in  connection  with  a  condensation 
nuclei  counter. 
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With  method  a)  it  is  difficult  under  clean  air  conditions  to  obtain 
electron  microscope  samples  which  are  concentrated  enough  for  sta¬ 
tistical  evaluation.  In  addition  natural  aerosols  with  radii  smaller 

.5 

than  10  cm  are  at  least  partly  volatile  and  spread  out  on  the 
collection  substrate  so  that  size  determinations  by  electron  micros¬ 
cope  are  dubious.  Method  b)  works  best  for  particles  smaller  than 
about  10”^  cm  radius  and  this  well  established  method  together  with 
a  reliable  condensation  nuclei  counter  for  low  concentration  is  one 

of  the  methods  used  in  our  program.  Method  c)  is  a  well  established 
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method  for  the  size  range  between  10  and  10  cm  radius  and  for 
aerosol  concentrations  found  in  polluted  or  partly  polluted  at- 
mosphere4  The  fact  that  this  method  is  not  applicable  for  particles 
smaller  than  about  10  ®  cm  radius  is  rather  new  and  was  not  clear 
when  we  selected  this  method  for  our  program. 

The  purpose  of  the  present  study  was  to  refine  the  method  c)  for 

measurements  of  low  concentration  aerosols  in  a  clean  atmosphere. 

As  the  discussion  will  show  it  became  clear  during  the  course  of 

thia  work  that  the  usable  size  range  does  not  cover  the  snail  end 

of  the  spectrum  below  10*^  cm  radius  and  that  it  is  not  possible 

with  the  present  technical  means  to  make  the  method  sensitive  enough 

for  clean  air  conditions  and  for  field  operations?  for  this  reason 

we  have  now  switched  to  a  combination  of  b)  for  r  <  10  ft* and  d)  for 
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10  cm  <  r  <,  10  cm  after  we  were  successful  in  developing  a  very 
reliable  and  accurate  condensation  nuclei  counter  for:  the  concentra¬ 
tion  range  of  30  to  1000  per  cm  •  This  work  is,  howr;ver,  rot  covered 
in  the  present  report. 

The  method  c)  which  will  ba  discussed  In  this  report  determines  the 
number  (total  charge)  and  mobility  of  ions  by  deflecting  them  from 
a  laminar  air  flow  by  an  electrical  field.  Such  a  measurement  gives 
the  mobility  spectrum  of  the  charged  aerosol  particles,  for  conver¬ 
sion  of  this  Ion  spectrum  into  an  aeroeol  spectrum  one  has  to  know 
the  charge  distribution  and  fraction  of  charged  particles.  With 


continuous  bipolar  ionization  in  the  atmosphere  due  to  cosmic  radia¬ 
tion  and  natural  radioactivity,  a  stationary  charge  distribution 
forms  within  a  certain  time  if  the  aBrosol  itself  does  not  change. 
The  assumption  of  this  ionization  equilibrium  can  be  expected  to 
be  valid  at  clean  air  conditions,  remote  from  any  local  aerosol 
sources  or  aerosol  sinks,  i.e.,  for  conditions  which  we  intended 
to  study.  It  was  only  during  the  course  of  this  study  that  more  re¬ 
liable  calculations  about  the  charge  distribution  on  aerosols  under 
such  conditions  became  known  by  seueral  authors,  and  that  it  became 
clear  that  a  reliaDle  conversion  of  ion  spectra  into  aerosol  spectra 
is  principally  impossible  for  radii  below  about  10  ^  cm. 

The  ion  counter  and  its  use  for  ion  mobility  analysis  are  known 
since  many  years  (ZLLINY  19C0,  GtHDIEN  1905,  ISRAEL  1931).  lUe  built 
our  instrument  on  the  basis  of  the  best  technical  means  available 
at  present  in  order  toachieve  the  required  sensitivity  for  the  analy 
sis  of  large  ions  in  clean  air.  bince  sensitivity  was  more  important 
for  our  problem  than  extreme  resolution  of  particle  sizes,  we  chose 
the  so-called  integral  type  of  aspiration  condenser,  accepting  the 
ions  in  its  whole  cross  section  and  its  whole  length,  rather  than 
the  more  compJicut'id  differential  types  using  subdivided  air  flow 
and  subdivided  electrodes.  A  careful  analysis  for  optimal  conditions 
of  sensitivity  indicated  that  these  latter  types  of  icn*  counters, 
which  are  very  useful  for  high  particle  concentrations  will  not  meet 
the  necessary  requirements,  Tnis  analysis  also  included  the  esta¬ 
blishment  of  optimal  dimensions  of  tnu  integral  aspiration  condenser 
for  the  required  operational  conditions. 

2.  Apparatus, 

The  design  and  construction  of  the  large-ion  countet  h  >r  been  des¬ 
cribed  in  detail  in  our  earlier  reports  JUNGE  and  ABU  ; 1965)  and 
ABEL  and  JUNGL  (1966).  A  number  of  improvements  accomplished  in  the 
meantime  will  be  described  in  the  present  report.  In  the  following, 
we  give  a  representation  of  the  instrument  in  its  final  'ora. 
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Fig.  1  shows  the  block  diagram.  The  cylindrical  aspiration  condenser 
i 8  given  here  only  in  principle  without  details.  It  consists  of  three 
concentric  tubes:  the  inner  "receiving  electrode"  connected  with  the 
electrometer,  the  "driving  electrode"  which  can  attain  voltages  Detween 
zero  and  3.500  volts,  and  the  outer  shielding  tube.  The  laminar  aero¬ 
sol  flow  fills  the  space  between  the  receiving  electrode  and  the  c ri¬ 
ving  electrode.  The  surfaces  of  the  electrodes  facing  the  aerosol 
flow  are  highly  polished  and  chromium  plated.  The  receiving  electrode 
is  mounted  between  its  grounded  end  pieces  by  electrically  heated  te¬ 
flon  insulators.  The  electrometer  line  extends  axially  from  the  re¬ 
ceiving  electrode  into  the  l-ary  31  CV  electrometer  preamplifier 

without  further  insulating  supports  Thus,  the  insulation  resistance 
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of  the  electrometer  system  was  always  greater  than  10  ohms.  The 
driving  electrode  is  mounted  between  ring-shaped  insulators  consisting 
of  specially  selected  polyethylene  material  to  reduce  polarization 
effects,  These  insulators  are  mechanically  and  electrically  subdi¬ 
vided  by  "guard  rings"  to  shield  the  receiving  electrode  from  the 
insulating  material  and  to  give  a  uniform  potential  drop.  Far  more 
details  of  the  aspiration  condenser,  we  refer  to  out  earlier  report 
A3LL  and  3UNGL  (1966).  Only  its  typical  dimensions  and  operating 
data  are  repeated  in  Table  1. 

The  lower  part  of  the  block  diagram  shows  the  electronic  and  ottn  r 
instruments  necessary  to  operate  the  ion  counter.  The  e. sential  fea- 
turatof  the  electrometer,  high  voltage  source  and  air  flow  system 
have  been  discussed  in  ABl  l  and  OUNCl  (1966).  The  final  circuit  dia- 
gram  of  the  "control  unit"  is  given  in  * ig.  ?,  This  unit  contains 
power  supplies  and  variable  controls  for  tho  insulator  heating,  the 
blower,  and  the  electrometer  shorting  relay  as  well  as  essential  parts 
of  the  compensation  device  described  in  the  subsequent  section. 

In  the  earlier  report  we  suggested  a  circuit  for  the  compensation  of 
high  voltage  fluctuations.  The  principle  of  this  circuit  is  givisi 
agsin  in  Fig  3.  It  uses  an  additional  vibrating  condtns'.r  electro- 


meter  amplifier  (FRUSEKE  und  HUPFNER  FH  408,  slightly  modified), 
the  input  of  which  is  capacitively  coupled  to  the  high  voltage 
<?ource  while  the  adjustable  output  with  inverse  polarity  is  capaci- 
tiv'ely  coupled  to  the  input  of  the  main  electrometer.  Fig,  4  shows 
the  guarded,  air  insulated  input  coupling  condenser.  The  require¬ 
ments  for  insulation  and  corona  discharge  for  this  coupling  conden¬ 
ser  a-'e  the  same  as  those  for  the  ion  counter  itself,  since  it  must 
withstand  the  same  voltages  and  is  also  connected  to  a  sensitive 
electrometer  input.  All  controls  for  the  compensation  circuit,  such 
as  the  adjustable  output  with  a  monitoring  meter,  input  shorting 
relay  operation  and  zero  adjustment,  are  contained  in  the  "control 
unit"  of  Fig.  2. 

This  compensation  device  reduces  the  fluctuations  on  the  main  elec¬ 
trometer  by  a  factor  of  10  to  50,  depending  on  the  frequency  of  the 
fluctuations  and  on  the  accuracy  of  adjustment.  The  completeness  of 
compensation  is  limited  by  the  time  constants  of  the  circuit,  i.e., 
by  the  lowest  and  highest  frequencies  being  handied  t i  it,  and  by 
the  zero  drift  of  the  auxiliary  DC  amplifier.  In  spite  of  these  li¬ 
mitations,  the  device  was  very  useful  during  the  maesurementa  and  was 
absolutely  necessary  frr  approaching  the  desired  sensitivity  of  .n* 
ion  counter. 

Another  problem  arose  from  the  zero  drift  of  the  ion  counter,  which 
was  still  too  large.  Extensive  study  of  this  drift  lead  to  the  con¬ 
clusion  that  its  major  part  is  systematic  and  is  caused  by  contact 
voltage  of  the  receiving  electrode  insulators.  Any  insulating  mate¬ 
rial,  including  the  teflon  used  in  our  case,  has  a  cartel  i  ionic 
conductivity,  partly  due  to  impurities.  1>ince  each  piece  of  the  in¬ 
sulating  material  is  located  between  two  metal  supports  the  surfaces 
of  which  are  never  quite  identical,  it  forms  a  "galvcnic  tell"  pro¬ 
ducing  a  certain  ERF,  but  with  a  very  high  internal  resistance.  In 
our  ion  counter,  using  the  "guarding"  technique  of  the  Eery  electro¬ 
meter  in  its  "31"  operation  node  for  current  measurements,  tho  recei- 
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wing  electrode  is  artificially  kept  on  ground  potential  by  feedback 
action,  thus  reducing  the  detrimental  influence  of  insulation  leak 
and  of  external  capacity.  Therefore,  the  "galvanic  cells"  formed  by 
the  insulators  are  continuously  short-circuited.  Their  short-circuit 
current,  determined  only  by  their  ERF  and  internal  resistance,  enters 
the  electrometer  and  is  indicated.  It  may  vary,  e.g.,  with  tempera¬ 
ture  or  with  condition  of  the  surfaces  of  the  insulators  and  metal 
electrodes. 

Though  varying,  a  typical  value  of  this  current  was  about  3  *  10  ^ 
amperes.  Since  this  was  even  larger  than  the  smallest  ion  currents  to 
be  measured,  it  was  necessary  to  look  for  methods  of  elimination  or 
at  least  reduction.  As  long  as  it  is  constant  or  but  slowly  varying, 
it  can  be  compensated  by  a  counter-voltage  in  series  with  the  insula¬ 
tor  so  that  the  latter  is  allowed  to  assume  its  ERF  or  opencircuit 
voltage  without  generating  current.  For  this  purpose,  the  metal  parts 
at  the  grounded  ends  of  the  two  insulators  were  insulated  from  the 
grounded  end-pieces  of  the  receiving  electrode.  They  were  electri¬ 
cally  connected  with  each  other  and  an  adjustable  voltage  source 
was  connected  between  them  and  ground.  This  battery  operated  voltage 
source  is  coarse  and  fine  adjustable  by  potentiometers  between  -0.75 
and  *0.?5  volt  against  ground,  which  was  sufficient  in  all  cases. 
Since  this  source  is  of  low  internal  resistance,  the  additional  in¬ 
sulation  mentioned  above  can  be  of  lew  quality,  e.g.  adhesive  film. 
Adjustment  of  the  countat-voltag*  te  achieve  minimum  drift  at  the 
electrometer  usually  takes  many  heurs,  This  time  is  needed  by  the 
lnsuletoro  to  approach  their  equilibrium  open-circuit  voltage  be¬ 
cause  of  their  high  internal  resistance  and  because  of  the  considera¬ 
ble  capacity  ef  their  metal  parte.  The  adjustment  must  be  controlled 
from  time  to  time  between  the  measurements. 

A  similar  contact  voltage  compensation,  although  somewhat  less  cri¬ 
tical,  had  to  be  used  in  the  input  of  the  auxiliary  DC  amplifier  ef 
the  voltage  fluctuation  compensation  circuit  described  earlier. 
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As  an  additional  precaution  against  contact  voltage  -  and  its  varia¬ 
tions  -  all  metal  parts  of  the  insulators  ef  the  ian  counter  in  di¬ 
rect  contact  with  the  insulating  material  were  gold  plated  making  the 
metal  surfaces  as  equal  as  passible. 

All  these  measures  kept  the  systematic  drift  current  ef  the  ion  ceun- 
-16 

ter  below  2.10  amperes  without  using  the  fluctuation  compensation. 
With  the  fluctuation  compensation,  it  may  be  raised  again  to  5.10"1® 
amperes.  But,  for  the  error  of  the  ion  current  measurements,  the  va¬ 
riations  of  this  drift  current  are  responsible.  On  the  basis  ef  a 
large  number  of  drift  and  ion  measurements,  it  can  be  concluded  that 
-  2.5.10"  **  amperes  is  the  minimum  of  error  of  ion  current  measure¬ 
ments.  This  is  the  absolute  limit  of  the  instrument  and  can  bo  rea¬ 
ched  only  when  the  latter  has  been  working  for  about  one  day  without 
any  serious  distM'b  cbs  such  as  violent  mechanical  motions,  abrupt 
temperature  changes,  large  line  voltage  changes  or  even  line  voltage 
failure.  The  possible  error  in  the  presence  of  such  disturbances 
depends  on  the  actual  situation  and  can  hardly  be  estimated  in  gene¬ 
ral. 

The  effect  of  this  minimum  error  on  the  measurement  of  the  ion  or 
aerosol  spectra  will  be  considered  later  m  chapter  3.  Of  course, 
also  for  large  currents  a  systematic  relative  error  must  be  assumed, 
which  may  amount  to  2  or  3  per  cont.  But  this  error  is  constant  and 
thus  has  no  considerable  effect  on  the  spectra, 

wo  think  that  this  accuracy  in  measuring  small  0C  currents  in  ion 
counters  is  the  limit  shich  can  be  reached  with  present  techniques. 

It  oust  be  considered  inherent  in  the  m£hod.  But  there  are  further 
limitations  and  requirements  with  respect  to  the  stability  ef  the 
aerosol  to  b«  sampled  and  the  air  flew  through  the  ion  counter  which 
will  be  discusser  in  tho  subsequent  section. 

With  the  fees-  t  rsthiv  pjrtic.e  sir*  distributions  are  ct’term.ned 
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free  current-voltage-curves  of  the  ion  counter,  i.s.,  fro*  aeries 
ef  successive  readings.  Such  a  series  usually  can  be  obtained  in  20 
or  30  ainutes,  as  sill  be  seen  later,  for  satisfactory  results,  the 
aarasol  content  in  the  saapled  air  aust  be  sufficiently  constant 
during  this  tiaie.  Our  observations  with  the  ion  counter  and  with  con¬ 
densation  nuclei  counters  shewed  fluctuations  of  nuclei  concentrations 
up  to  50  per  cent  within  a  few  ainutss  to  be  rather  frequent  in  the 
ataoeptfore  oven  in  ths  absence  of  local  sources  or  sinks.  Siailar 
observations  were  reported  earlier  by  other  authors  (ISRAEL  1957) : 

In  order  to  reduce  such  fluctuations  the  air  passed  a  doping  vassal 
of  voluaa  Q  bofaro  entering  the  ion  counter  (fig.  1).  Effective  aid¬ 
ing  within  this  vessel  was  achieved  by  a  suitable  arrangeaent  of  the 
inlot  and  outlet  tubes,  be  used  a  voluaa  of  Q  •  0,5  a3  the  size  of 
which  ass  doterainad  on  the  bosia  of  the  following  consideration, 
fa  asauao  tho  ian  concentration  entering  the  vassal,  N^r,  to  vary 
oround  the  average  value  N(w  by 

*«,  •  Mi*  *  “* (■¥•<)]  (1> 

with  an  aaplitudo  a  and  a  period  t  «  Provided  that  aixing  is  ideal 
and  less  of  partielao  io  excluded  tho  concentration  in  tho  air  lea¬ 
ving  tho  voaaol,  1*  given  by 

‘  [*  4  \>  (4^- 1  +  f)J  (2) 

with  a  saollor  aaplitudo  b  and  phaso  shift  .  Ths  "daaping  ratio" 
lo  given  by 


Cp  being  the  flew  rate.  In  our  case  (f>  -  470  ca^/s.  If  we  take 

T  3  100  s,  a  value  which  has  been  really  ebserved,  we  have 

3  3 

a/b  «  130  fsr  Q  =  1  m  or  a/b  3  65  fer  Q  =  0.5  ■  .  The  mean  residence 

time  fer  the  air  in  the  vessel  is  40  min.  and  20  min.  respectively. 

3 

Q  3  o.s  m  was  considered  a  reasonable  compromise  between  a  suffi¬ 
ciently  high  damping  and  the  inconvenience  of  a  long  residence  time 
and  passible  loss  of  particles  in  the  vessel. 

In  reality,  of  course,  mixing  is  not  ideal  and  soma  particle  less 
occurs  in  the  mixing  vessel.  lasts  shewed  that  fer  particle  concen- 
trations  below  10  cm  less  in  a  1  m  vessel  was  about  10jt  per  hour. 

Far  the  final  measurements  with  the  ien  counter  we  used  a  container 
3 

of  O.S  m  volume  with  a  residence  time  of  20  minutes  consisting  of 
metal  in  erder  to  aveid  unnecessary  ion  loss  due  te  electrostatic 
charges  on  the  walls.  In  agreement  with  other  authers  we  found  that 
this  loss  can  be  considerable  1  •  Using  a  condensation  nuclei  countet 
tests  with  outside  air  passing  the  damping  vessel  at  the  nominal 
rate  of  the  ien  counter  showed  ne  systematic  difference  within  the 
statistical  variation  between  the  concentrations  before  and  after 
passage.  Using  the  ien  counter  itself,  the  damping  effect  is  demon¬ 
strated  by  Fig.  S  which  shows  the  ion  current  at  maximua  voltage 
when  sampling  outside  eir  directly  or  through  the  container,  the 
damping  effect  is  obvious,  though  somewhat  less  than  our  estimate. 

Te  prevent  ec'lies  from  the  damping  vessel  to  enter  the  ien  counter, 

a  "honeycomb"  flow  roctlfior,  consisting  of  crossed  motel  snoots. 

was  mounted  In  the  entrsnco  of  the  ion  counter,  sea  Fig.  .  its 

2 

channala  hove  a  cross  soctlon  rr  1  cm  and  sra  5  co  long,  with  the 


1)  Vo  observed  "half-life  tlmss"  of  aerosol  concentration  of  laborate 
ry  air  in  storage  balloons  of  ea.  1  *.  In  a  plastic  balloon,  this 
time  woo  S  hours;  in  a  balloon  with  metal  litad  intat  Surface,  s 
time  wee  } 2  hours. 


nominal  flout  a  diffusion  loss  of  3  per  cent  for  particles  of  5.10 
cm  radius  was  estimated.  Since  the  essential  size  range  covered  by 
the  instrument  is  from  10-&  te  10*'w  cm  radius,  the  diffusion  loss 
will  be  negligible.  Likewise,  sedimentation  loss  is  negligible  for 
all  particles  of  interest: 

•  | 

finally,  an  electrical  small-ion  filter  was  mounted  between  the 
flew  rectifier  and  the  ien  counter.  This  was  necessary  since  the 
atmospheric  small-ions  have  concentrations  of  the  same  order  of  mag¬ 
nitude  as  the  large-ions  when  measuring  in  clean  air.  By  way  of  the 
edge-effect  of  the  ion  counter,  small-ions  may  affect  the  determination 
of  mobility  distributions  of  large-ions  (see  ISRAEL  1957)  and  should 

therefore  be  removed,  ^ince  the  gap  between  the  mobilities  of  the 

2 

small-ions  (1.4  rasp.  1.9  cm  /Vs)  and  of  the  smallest  large-iona 
•2  2 

(some  10'  cm  /Vs)  we  are  interested  in  is  rather  large,  the  arrange¬ 
ment  of  the  small-ion  filter  is  uncritical,  for  lack  of  apace,  we 
used  three  0,1  cm  mesh  wire  grids  perpendicular  to  the  air  riow, 
mounted  between  insulating  rings  at  distances  of  0.8  cm.  The  outer 
grids  are  grounded,  the  inner  one  is  connected  te  a  9  volts  battery. 

for  the  nominal  air  flow  lens  of  both  signs  with  mobility  greater 
2 

than  about  0.7  cm  /v a  .’to  removed  when  the  air  velocity  profile  is 
uniform.  In  the  rather  wide  cress  section  near  the  entrance  of  the 
ien  counter,  deviation  from  a  uniform  velocity  profile  will  not  be 
very  large.  The  wire  grids  had  an  additional  effect  in  smoothing 
the  air  flow.  The  effect  of  the  small-ion  filter  on  the  results  was 
rather  smell. 

'--epootod  Qualitative  air  flow  tests  with  smoke  were  made  in  the  ien 
counter,  the  high  voltage  electrode  being  replaced  by  s  lucits  tube 
and  the  shielding  tube  removed  bo  deviation  from  the  straight  la¬ 
minar  flow  in  the  electrical  field  section  of  tne  aspiration  condenser 
could  be  observed.  The  behaviour  of  trailo  of  smoke  indicated  that 
a  distinct  velocity  profile  between  the  electrodes  is  established, 
although  the  profile  could  net  be  determined  in  detail  by  this  method 
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3.  Determination  of  Particle  Size  Distributions. 

The  main  abjective  of  our  mark  was  to  develop  a  suitable  method  ta 
determine  the  particle  size  distribution  of  parasols  in  clean  air, 
i.e.,  at  very  low  concentrations.  Ion  counters  measure  only  the  rr- 
bility  or  size  distribution  of  the  aerosol  fraction  which  is  elec¬ 
trically  charged.  These  ion  spectra  have  to  be  converted  to  aerosol 
spectra,  i.e., to  spectra  of  all  particles,  charged  and  uncharged. 

This  problem  of  converting  ion  spectra  into  aerosol  spectra  is  not 
entirely  solved.  Ue  made  an  attempt  to  carefully  look  into  the  pre¬ 
sent  status  of  the  art,  which  will  be  summarized  in  the  subsequent 
section. 

The  first  step  in  the  evaluation  is  the  conversion  of  electrical  ne- 
oility  of  partK.es  charged  with  one  or  more  elementary  charges  into 
•article  size,  for  the  present  purpose  we  can  only  consider  spheri¬ 
cal  oarticles.  Since  atmospheric  aerosol  particles  do  not  in  genoral 
davit  too  much  from  spherical  shape  this  assumption  is  a  good 
appro  nation.  In  any  case  we  determine  bv  this  assumption  the  equi¬ 
valent  size  of  spherical  particles,  for  particles  in  the  rang#  of 

*5  -7 

interest,  i,e.,bvtweon  10  end  10  cm  rsdiua,  the  mobility  con  bo 
calculator  by  the  blokes-* . 1 1 ikan-Cunninghem  low  for  the  larger  end 
from  statistical  *«■  -nanici  . jr  the  smaller  particles.  Ue  used  the 
numerical  vuluee  piven  by  ISHAti  (1957),  she*«  in  *  ig,  6.  <hey  ate 
v*lid  for  singly  charged  panicles!  for  particles  with  multiple  chor¬ 
da  the  '-ability  to  pnputt,  atlly  hightr. 

as  a  sticend  requi r**mt»n;  wo  hev#  to  know  the  dis  tribution  of  charges 
among  the  aerosol  particles,  Vince  wo  are  prlm.diy  interested  in 
-ne  bacfegreund  aerossi  th..  measurements  are  mace  unaer  conditions  where 
cel  aerosol  sources  are  absent  and  ionization  equilibrium  con  bo 
expected,  Tn*>  at#  ten  ry  charge  distribution  rest  *  t  *g  from  this 
ionizotion  equilibrium,  essentially  symmetrical  4n  oath  polaritlos, 
c**n  be  c-tlwv'  siee  an  the  0*  .*  of  tnq  <Sif  fue  *  er-mj  ;!ity  theory  by 
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BRICARO  (1949,  1962)  or  FUCHS  (1963).  This  theory  was  recently  re¬ 
fined  by  BAUST  (1965)  and  MOHNEN  (1966).  Fig.  7  shows  calculations 
•f  Baust  (dAUST  and  PETRMUSCH,  1968)  using  the  parameters  of  posi¬ 
tive  small-iens  of  mass  209  AltlU,  corresponding  to  clusters  of  one 
air  melecule  (mean  mass  29  AfflU)  plus  ten  water  molecules.  The  values 
ef  the  negative  small-ions  give  a  distribution  slightly  different,  but 
this  dipference  is  unimportant  in  view  of  the  accuracy  of  the  measure¬ 
ments.  The  figure  gives  values  for  the  ratios  Np/N  (Np  =  number  con¬ 
centration  of  particles  carrying  p  charges  of  one  sign,  p  =  0,  1,  2 
,...,  and  N  =  total  particle  number  concentration)  as  functions  of 
radius  r.  The  uncertainty  of  the  values  depends  on  assumptions  about 
the  mass  of  the  small-ions,  their  mean  free  path  length  and  mean  velo¬ 
city.  For  the  present  time  we  consider  the  values  in  Fig,  7  as  the 
most  reliable. 

In  order  to  correct  for  multiply  charged  particles,  also  the  ratios 
N  /N1  (Fig,  B)  are  required.  The  particles  Np  appear  as  a  charge 
^  '  Np  at  the  "wrong"  mobility  p  •  k  (or  corresponding  radius).  They 
must  bo  subtracted  as  j>  •  Np  at  p  •  k  and  added  as  Np  at  the  correct 
mobility  k.  In  the  siie  distributions  to  be  expected  in  atmospheric 
ooroaol8,  for  high  ^  values  the  fractions  Np  become  negligible  com¬ 
pared  with  the  total  particle  number.  Therefore,  it  is  usually  suf¬ 
ficient  to  correct  only  for  particles  with  =  2  and  3. 

The  corrected  number  ef  ions  observed  for  the  mobility  k  or  corres¬ 
ponding  radius  r  is  (on*  *>3*) 

«©  °0 

N;(r)  t  £  N.W)  -  N  £  <«> 

pm  r  --1  N 

The  total  particle  number  N(r)  is  thus  obtained  by  multiplying  N^(r) 
with  the  factor 
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which  is  also  given  in  fig.  8. 

Tor  particle  radii  smaller  than  10  u  cm  the  charge  distribution  gi¬ 
ven  by  the  diffusion-mobility  theory  becomes  uncertain.  Here  the 
particles  are  smaller  than  the  mean  free  path  length  of  the  small- 
ions,  so  that  the  applicability  of  such  a  macroscopic  theory  becomes 
doubtful;  a  more  complicated  gas  kinetic  collision  theory  would  have 
to  be  applied.  In  addition,  for  r  <  10  ^  cm  the  P(r)  values  are  very 
large,  so  that  the  calculated  aerosol  size  distribution  becomes  in¬ 
creasingly  unreliable,  The  particle  radius  of  10  ^  cm  must  therefore 
be  considered  as  a  principle  lower  limit  of  the  ion  counter  method 
to  determine  aerosol  size  distributions^  In  the  results  reported 
later  we  will  give  values  of  the  size  distributions  between  10  ^  cm 
and  5  •  10  cm  radius  in  parantheses  only.  This  is  a  very  serious 
limitation  of  the  method  which  was  not  realized  to  its  full  extent 
at  the  beginning  of  this  study. 

On  the  other  hand  r  10  5  cm  is  practically  the  upper  limit  of  this 
method  at  least  for  atmospheric  aerosols,  for  larger  radii  the  number 
concentration  of  aerosoi  particles  decreases  so  rapidly  -  with  simul¬ 
taneous  decrease  of  mobility  -  that  the  resulting  current  increments 
in  the  ion  counter  soon  drop  below  the  limit  of  resolution.  The  size 
range  for  which  mobility  measurements  can  be  applied  for  size  distr‘- 
bution  studies  is  therefore  restricted  to  the  range 

10  6  cm  r  <  10~S  cm  . 

It  is  very  typical  that  in  atmospheric  aerosol  studies  alma;.-  all 
methods  are  restricted  to  rather  small  sections  of  the  teial  size 
spectrum  for  the  combined  reasons  of  shape  of  the  spectrum  and  tech¬ 
nical  limitations  by  the  method.  The  ion  counter  is  no  e  ceptien. 

Some  further  remarks  are  necessary  on  the  correction  for  mu’tip'v 
charged  particles  according  to  the  charge  distribution.  Due  to  mui- 
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tiple  charges,  some  of  the  particles  beyond  the  upper  limit  of 
-5 

10  cm  radius  fall  into  the  mobility  range  of  the  large-ion  coun¬ 
ter  (depending  on  the  size  distribution,  the  fraction  of  multiply 
charged  particles  in  atmospheric  aerosols  may  amount  to  10  or  20 

per  cent).  Thus,  complete  correction  is  only  possible  if  the  exten- 

-5 

sion  of  the  size  distribution  curve  beyond  10  cm  radius  is  known 
by  other  methods.  This  is  the  case  if  the  large-ion  counter  measure¬ 
ments  are  combined  with  measurements  of  the  larger  particles  by  im- 
pactor  and  optical  particle  counter  methods,  which  was  planned  in 
our  work  and  which  was  realized  in  some  cases.  The  fraction  of  mul¬ 
tiply  charged  particles  can  not  be  corrected  for  when  the  large-ion 
counter  is  used  alone  witi  aut  combining  it  with  the  instrumentation 
for  larger  particles. 

Knowledge  of  the  size-mobility  relation  and  of  the  aerosol  charge 

distribution  enables  us  to  determine  the  aerosol  size  distributions 
-6  -5 

in  the  range  10  cm  r<,10  cm  from  ion  mobility  distributions. 

U)o  will  now  discuss  the  method  of  measuring  ion  mobility  distribu¬ 
tions. 

The  theory  of  the  integral  type  ion  counter  method  is  well  known 
(seo  e.g.  ISRAEL  1931,  1957,  H0EGL  1963,  CHALMERS  1967)  so  that  only 
the  most  important  facta  may  be  repeated,  We  assume  the  air  contai¬ 
ning  the  ions  passing  our  cylindrical  aspiration  condenser  (length  1, 

inner  and  outer  radius  r.,  r  ,  radial  coordinate  a,  axial  coordinate 

i  8  # 

z)  in  axial  laminar  flow  of  rate  p  and  of  a  certain  velocity  profile 
v2(j).  vz(<£)  shall  be  independent  of  z,  and  thero  shall  be  complete 
symmetry  around  the  axis.  The  voltage  V  between  the  inner  and  outer 
electrode  results  in  a  radial  electrical  field 

$U(ra/r;)  (6) 

for  ^  J  ^  ra»  I®ns  «f  mobility  k  have  the  velocity  components 
(t  ■  time) 


Fram  (10)  and  (11)  fallauis 
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ft  u  (ro  Irl) 
lit  l  V 


(12) 


with 


ft,  .  U  («•«,  /r,-) 

Hit  l 


(12a) 


independent  of  the  shape  of  the  flow  profile  uz(^)  as  long  as  thtj 
latter  is  independent  of  z 


Let  us  briefly  discuss  the  cur  rent-voltage  curve  I(V)  of  the  aspi¬ 
ration  condenser  for  the  simple  case  that  only  ions  of  a  single  mo¬ 
bility  k,  enter  it  with  a  number  concentration  N,  For  k  ="  k ,  or 

*  Cl 

V  =  ffl/k.j,  all  ions  are  captured  by  the  (inner)  receiving  electrode 
(Fig  9a)  so  that  we  measure  a  saturation  current 

I  =  cp  t  M,  (13) 


(e  is  the  electrical  charge  of  the  ions)  independent  of  V.  from 
which  can  be  calculated  (Fig  9b,  curve  1)  For  kc  k1  or 
V  <£  W/k^  only  a  fraction  of  the  ions  ^  entering  the  condenser 
between  a  radius  r  and  the  inner  radius  r  are  captured 

The  ratio  N^/N^  must  be  the  same  as  ,  where 

To 

<f>'  *  |  Mi)-**J  <*$  <u) 

r,' 


is  that  fraction  of  the  totil  air 
rg  so  that  it  .must  bo 


which  flows  between 


r  . 

l 


and 
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K  -  J?L 
k  '  <p 


J  v,($)  1*5 

Si _ 

J  v*($)  JM 

T. 


(15) 


Integrating  (9)  for  ions  of  mobility  k ^  just  entering  at  2  =  0{ 
j  -  r^  and  arriving  at  2  =  lj  ^  =  r^  yields 


l 


U  (f»  In) 

K  v 


Dividing  (16)  by  (IQ)  and  using  (15),  uie  have 


(16) 


K 


(17) 


Thro  relation  is  again  independent  of  the  flow  profile  v?(j).  Thu* 
the  current  measured  in  the  ion  counter  for  kc>,‘1  er  Ift/k,  io 


(18) 


i.e  it  is  proportional  to  v  (fig.  9b,  curve  1)  fro»  V  *  te/fc  found 
at  the  edge  of  the  Measured  1 ( V )  curve,  k1  con  be  calculated  Thu^, 
we  have  determined  k^  and  by  measurement 

Another  species  of  ions  with  k,  ;>nd  U  wOul^  result  in  a  similar 

C  t. 

I  .v)  curve,  e.g  curve  ?  in  *  tg  9b  !r  hot’  *indb  of  ions  t<‘  mimid 
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in  the  air  flaw,  their  currents  simply  add,  resulting  in  curve  3  ef 
fig.  9b,  from  which  can  easily  be  read  as  shown  in 

the  figure.  This  procedure  can  be  extended  to  an  arbitrary  number  ef 
ien  species  as  long  as  resolution  is  sufficient 

Atmespheric  large-iens  usually  have  a  continuous  spectrum  ef  mobili¬ 
ties  k  rather  than  discrete  values  The  I(v)  curve  of  the  ien  counter 
fed  with  such  a  mixture  ef  iens  is  obtained  by  dividing  the  ions  into 
infinitesimal  mobility  steps  dk,  each  of  which  can  be  treated  in  the 
manner  just  described,  and  by  integrating  ever  the  contributions  of 
all  steps  to  the  current  I  (e.g.  ISRAEL  1931).  The  number  ef  ions  dN* 
between  the  mobilities  k  and  k  ♦  dk  can  be  expressed  by  the  distri¬ 
bution  function  f (k) 

dN.  >  f(k)  dk  (19)  * 

»  • 

if  all  iens  have  one  elementary  charge  e  (for  multiple  charges  a  * 

separate  cerrectien  method  was  given  earlier)  for  a  given  V  er  k 

c 

of  the  ien  counter,  the  ien  current  I  is  composed  e f  two  parts: 

the-  iens  with  k  ■  k  which  are  all  captured,  and  the  iens  with 

c 

k<  k  ,  ef  which  the  fraction  k/k  is  captured  according  to  (17) 
c  c 

This  gives 

r  «  <f>t  |  ,  (20) 

o  Lt 

which  results  together  with  (12),  in  I  as  a  function  of  V  for  the 
mobility  distribution  f(k)  It  con  bs  shewn  (ISRAEL  1931)  thst,  for 
a  continuous  distribution  f(k),  the  slope  of  this  curvo  I ( V )  decres¬ 
ses  menotonicslly  with  incressing  V,  (fig  9e),  and  thst  the  ien  * 

content  in  a  mobility  interval  k  .  k  ♦  dk  is  proportional  to  the 

c  c 

second  derivative  of  !(V)  *>ince  in  roal  measurements  only  s  limited 
number  of  points  sf  the  1(V)  curve  can  be  determined,  the  analysis 
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mill  also  be  bene  in  finite  steps  of  k  (er  cer responding  particle 
radius  r)  rather  than  in  inf initesieal  steps  dk.  This  is  accompli¬ 
shed  in  the  following  way.  We  consider  the  slope  dl/dVt 

1 ) 

from  (20)  we  have 


dl 

dk 


(p  € 


f(kWU  • 


from  (12)  we  have 


_  Ji.  W? 

dlv  V1  *  ~  h  ' 


(21) 


(22) 


consequently, 

41  dl  <*kc 
dv  “  4Ut  4V 


(23) 


D 

since 


4 

IT 


h 


=  >f(») 


and 


•o  heve 


20  - 


or 


M  ai 

ft  ^  ^ 


Substituting  this  ints  the  first  tern  ef  (20),  we  obtain 


(23e) 


?*«,,**  -L.  Ji.il  „  -l(r-v4£\ 

^ T  ft  Vt  ft  ft  [  wy 


(24) 


The  nagnituda  (I-Udl/dV)  can  easily  be  read  fro*  the  I(V)  curve  fer 
any  of  its  paints,  as  shown  in  rig.9c  for  two  points  I^V^)  and 
I ^ ( W2 ) |  it  is  the  section  OP  an  the  1-axis  (in  units  af  I)  bstween 
the  origin  and  the  intersection  point  of  the  l-axie  with  the  tangent 


te  the  I(V)  curve  at  the  point  of  question,  i  e.  0P1 
oxeaplos  shown,  for  an  isn  nobility  interval  k, . *  k. 

«  4 

00  00  1*1 


or  OP^  in  the  tws 
,  the  difference 


«P.  -  o\ 

-~fr~ 


-  JfCM'lV  -  JfW<  -  jftwk  = 

V*  V%.  If, 


gives  us  the  nunber  concentration  of  lone  in  this  nobility  interval 
This  procedure  can  b*  repeated  for  a  series  ef  intervals  in  the 
range  of  interest 


for  the  upper  and  lewer  end  of  each  nobility  interval  the  cerroepen- 
ding  ion  radii  ra,  rn  can  be  read  frsn  fig  6,  and  the  nagnitude 

AK- 

4  /*■••) 

versus  r  is  drawn  on  leg-leg  paper  in  histegran  free  "fter  correction 
fer  aultiple  charges;  this  ion  site  distribution  is  nultiplisd  with 
the  P(r)  fecter  of  flg  8  (naan  value  for  each  interval)  to  give  the 
particle  site  distribution 


After  the  first  experioents  with  the  large-ion-counter,  it  ess  recog 
nixed  that  sens  difficulty  e«isted  with  respect  to  the  nunber  ef  nee 


suring  paints  for  each  I(V)  curve.  In  order  to  dree  the  tangents 
properly,  which  are  needed  for  the  axact  evaluation  method  described 
above,  the  number  of  measuring  points  should  be  considerably  larger 
than  the  number  of  channels  chosen  for  the  histogram  size  distribu¬ 
tion.  The  average  time  required  for  one  sensitive  current  measurement 
by  the  rate-or-charge  method  was  found  to  be  100  seconds,  and  a  si¬ 
milar  time  was  needed  far  changing  the  driying  voltage,  i.e.,  e  tetel 
of  200  seconds  for  each  paint.  Even  if  we  disregard  any  fine  struc¬ 
tures  of  the  ion  distribution  by  cheesing  channels  which  differ  in 
radius  by  a  factor  of  twa  (so  that  leg  (r^^/r^)  *  1*9  2  »  0,301  is 
constant  far  all  intervals),  the  tine  needed  far  one  size  distribu¬ 
tion  would  have  been  too  long  with  respect  to  the  observed  fluctua¬ 
tions  of  the  aerosols.  As  a  compromise,  we  tried  ta  use  only  one  paint 
per  channel,  connected  the  points  by  straight  lines  and  made  tha  eva¬ 
luation  in  the  way  of  fig.  9b  as  if  there  wore  ion  groups  with  dis¬ 
crete  nobilities,  attributing  the  ion  numbers  to  tha  whole  channol 
in  each  case.  The  histogram  channels  in  the  log-log  diagram  ora 
arranged  symmetrical  ta  the  ion  radii  rn  corresponding  to  tha  mea¬ 
suring  points,  so  that  in  each  channel  half  of  the  iene  appear  bolow 

and  half  of  them  above  r  .  This  procedure  seems  to  be  the  moot  rooso- 

n 

nable  approach  in  the  present  cess.  The  aecrifice  in  resolution  is 
considerable  but  the  method  ia  still  capable  of  giving  the  noin  foo- 
tures  of  the  dl ' tribution. 

The  arrnA  of  the  resulting  size  distributions  coueed  by  this  sim¬ 
plification  w  re  testen  with  medal  distributions.  f ig.  10  shows  an 
sxsmpls  for  a  circular  I ( V )  curve.  Althsugh  depending  en  the  shape 
»f  the  individual  size  distribution,  these  errors  usually  srs  cen- 
sidsrably  mailer  then  those  caused  by  errors  of  tho  ion  currant  nee- 
ourenento,  which  srs  discussed  later,  for  six  channels  centered  «t 
radii  r  •  2.5. ’'0*7*  5,10*7|  1.10~6»  2.10‘6j  4.10“6*  end  S.10*6  cm 


1 )  Although  the  p( r )  factor  of  the  charge  dietrioution  is  uncertain 
bale*  r  -  c>  ,  t*  ion  measurements  «<?re  ssnswhat  extended  to 

sr.j!  1  r  *  »  .t. 
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(see  also  Table  2),  si>(  current  measurements  are  thus  required!  in 
addition,  we  need  at  least  ene  more  point  near  that  for  8.10  ®  cm 
to  get  an  idea  of  the  further  extension  of  the  I (V)  curve,  and  at 
least  ene  zero  determination,  i . e.  a  total  of  eight  measurements. 

UJith  200  seconds  for  one  measurement  plus  sbitch-over ,  wa  thus  need 
a  little  less  than  half  an  hour.  Ms  shown  in  chapter  2,  the  damping 
vessel  to  reduce  aerosol  fluctuations  was  adapted  to  this  time 

The  voltages  corresponding  to  the  channel  centers  listed  above  are 
under  normal  conditions  (sea  level  operation)  V  *  4  5}  17;  66;  250; 

800  and  2800  volts  (ee*  Table  2) 

In  chapter  2,  we  came  to  the  conclusion  that  a  statistical  absolute 
error  of  the  ion  current  measurements  of  -2.5.10  16  ampjres  can  be 
aswumed  under  optimal  conditions.  The  afreet  of  this  error  mas  also 
tested  with  medal  size  distributions  in  tha  following  way<  From  a 
given  size  distribution  we  derived  by  calculation  the  corresponding 
I ( V )  curve,  averaged  ever  the  seme  channels  as  in  the  later  measure¬ 
ments,  then  the  errors  were  applied  to  the  current  values  and  the 
ra-evsluatien  mas  made  far  the  limits  of  error.  Two  examples  are 

shomn  in  fiq  lie  end  11b  for  two  model  distributions  with  the  total 

1 ) 

particle  numbers  of  1000  end  500  cm  ’  fig,  12  shoes  an  example 

of  e  size  distribution  with  considerable  structure.  It  ie  easy  to 
see  that  the  error  increases  as  me  go  to  smaller  radii  and  to  lower 
concentrations,  fig.  11  corresponds  to  s  section  of  a  normal  size 
dietributlen  mlth  e  maximum  bateeon  10~6  and  10*5  cm  rsdiue,  as  ob¬ 
served  in  many  esses  in  polluted  dr  eealooiluted  air.  '-ontidering 
ih»  arrere  ehomn  in  the  figures  me  may  conclude  t>»et  the  determination 

1)  The  model  size  dietributlen  ie  assumed  to  drop  to  rare  outside 
the  range  ehomn  in  figs.  11  a,  b  end  12. 
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•f  size  distributions  with  our  large-ion  counter  is  reasonable  devm 

-3 

to  a  total  particle  concentration  of  about  50D  cm  t  but  net  below 
this  value.  The  original  aim  to  get  below  the  particle  concentration 
of  jOO  cm"  ,  which  is  assumed  to  be  the  average  in  the  background 
aerosol,  could  not  be  fully  reached.  Of  course,  in  certain  cases 
when  the  aerosol  is  rather  stable,  one  can  take  a  series  of  succes¬ 
sive  size  distributisrs  and  thus  increase  the  reliability  of  the 
results. 


for  demonstration,;  we  give  an  example  of  a  oeasurement  and  avalua- 
tion  before  showing  results  from  different  locations  in  the  next 
chapter,  fig.  13  is  a  copy  of  the  recorder  strip  chart,  showing  the 
electrometer  charging  curves  (100  seconds  each)  for  the  aeries  of 
driving  voltages  corresponding  to  the  size  distribution  channels,  or 
given  in  Table  2,  beginning  with  the  highest  voltage.  The  curves  oro 
positioned  on  the  churt  by  proper  use  of  the  electrometer  grounding 
switch  and  zero  adjustment  and  of  the  ch*i,  i  r;iv«?|  |hey  are  cencar*- 
trated  on  the  churt  in  order  to  have  e  compact  record.  Using  the 
affective  capacity  of  C  «  1G.2  picofarads  (see  Table  1),  the  signal 
voltages  after  100  seconds  (averaged  if  the  charging  curved  oro  irre¬ 
gular),  V  (100),  givs  the  ion  current* 


46,1 


t 

v*l+ 


V4  (-W) 

-U*  V 


U'6) 


Tna  l(u)  curve  is  drawn  (fig.  U)  in  linear  scale,  usually  in  throe 
branches  with  different  voltage  scales  to  spread  its  lower  pert.  The 
additional  point  at  iflCC  volt*  shows  that  in  this  cess  saturation  is 
practically  reached  ot  the  upper  end  of  the  curve*  In  other  cases, 
seae  mors  points  way  be  necessary  around  the  upper  end.  *t  the  end 
of  the  series,  the  v jIu*  for  the  highest  voltage  (2800  volte)  lo  re¬ 
produced  to  see  whether  the  total  ion  concentration  has  changed.  If 
the  changes  atv  not  too  serious,  the  ion  currents  of  the  series  con 
bo  corrected  by  linear  interpolation  with  time,  for  th«-  example  shown. 


the  change  mas  neglected.  Now  the  erdinate  sections  are  read  in  am¬ 
peres  according  to  Figt.  9b  and  the  ion  numbers  N  of  the  channels 
calculated  according  te  (25).  For  the  log-leg  representation  of 
^  N/  (log  r)  versus  r  these  ion  numbers  must  be  multiplied  by 
1/log  2  =  3.32,  since  the  successive  channels  differ  by  factors  of  2 
Ulith  these  values  the  histogram  ion  size  distribution  is  drawn  on 
log-log  paper  (Fig.  15),  and  after  application  of  the  P(r)  factors 
of  Tahle  2  uie  obtain  the  particle  size  distribution.  Corrections 
for  multiple  charges  are  not  made  in  this  example  since  no  simul¬ 
taneous  measurements  uf  particles  above  10  5  cm  radius  mere  made; 
on  the  other  hand,  it  may  be  negligible  here  since  a  considerable 
decrease  at  large  particles  is  indicated  It  must  be  kept  in  mind 
that  the  reliability  of  this  size  distribution,  besides  the  errors 
of  measurement  and  evaluation,  depends  on  the  presence  of  electrical 
charge  equilibrium  as  well  as  on  the  assumptions  used  in  the  charge 
distribution  theory,  as  it  has  been  discussed  earlier. 
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4.  Some  Results  Obtained  at  Different  Locations. 

To  test  the  applicability  of  our  large-ion  counter  for  the  determi¬ 
nation  of  aerosol  size  distributions  in  more  or  less  clean  air,  three 
field  trips  u/ere  made  with  the  instrument: 

1. )  August  17  to  25,  1967  on  the  "Schauinsland"  peak,.  1200  meters 

above  sea  level,  in  the  Black  Forest,  Germany, 

2. )  October  16  to  November  2,  1967  on  board  the  research  vessel 

"Meteor",  Bay  of  Biscay. 

3. )  March  1  to  March  29,  1968  at  the  Observatory  Izana,  2360  meters 

above  sea  level,  on  Tenerife/Canary  Islands,  together  with  other 
participants  and  equipment  for  aerosol  and  air  chemistry  measure¬ 
ments. 

Trip  2  and  3  also  served  to  obtain  preparatory  experiences  for  aero¬ 
sol  measurements  during  the  Atlantic  expedition  1969  of  "Meteor". 
Hesults  from  these  locations  are  shown  in  Figs,  l£  to  28  and  will  be 
discussed  below.  Before  doing  this',  some  general  remarks  on  the  re¬ 
presentations  may  be  made. 

The  ion  spectra  (solid  lines)  anc  aerosol  spectra  (broken  lines) 
shown  are  obtained  in  the  manner  described  in  the  preceding  chapter. 
The  limits  of  error  of  the  ion  spectra  given  in  tha  figures  were  de¬ 
termined  individually  using  the  electrometer  recordings.  Due  to  the 
influence  of  various  factors,  the  errors  can  be  larger  than  those 
for  optimum  operational  conditions  as  estimated  in  chapter  3.  For 
steep  decreases  or  "holes"  of  the  spectra,  sometimes  only  an  upper 
li; lit  can  be  given.  The  determination  of  the  aerosol  spectra  from  the 
ion  spectra  depends  on  the  agreement  of  the  actual  eleccrical  charge 
distribution  and  the  theoretical  equilibrium  charge  distribution  used 
for  the  evaluation.  ^>ince  possible  deviations  between  both  are  very 
difficult  to  estimate,  no  errors  are  given  for  the  aerosol  size  lis- 

_7 

tributions.  The  channel  around  the  smallest  raoius  of  5.10  cm  is 
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uncertain  (see  chapter  3)  and,  therefore,  shown  in  brackets. 

The  reliability  of  the  results  is  quite  different  for  the  different 
locations,  not  only  because  of  the  different  concentration  levels, 
but  also  because  of  the  presence  of  various  disturbing  factors,  for 
instance,  aerosol  fluctuations  mere  not  too  serious  at  the  Schauins- 
land  and  on  sea,  but  they  were  considerable  at  Izana.  Line  power  con¬ 
stancy,  which  is  very  essential  for  the  instrument  as  pointed  out  in 
chapter  2,  was  excellent  at  Schauinsland  and  on  the  ship,  but  very 
poor  at  Izana,  where  the  power  even  could  fail  several  times  a  day, 
UJhile  mechanical  disturbances  were  excluded  at  the  mountain  stations, 
they  were  serious  on  board  the  ship.  By  small  capacity  variations  of 
the  aspiration  condenser,  caused  by  the  considerable  accelerations 
during  roll  and  pitch,  unsteady  charging  currents  were  generated  so 
that  useful  measurements  usually  were  restricted  to  periods  with  wind 
velocities  below  about  8  m/s.  finally,  the  gold  plating  at  the  insu¬ 
lators,  reducing  the  zero  drift  (see  chapter  2),  was  not  finished 
prior  to  the  last  trip  to  Izana. 

Besides  the  measurements  with  the  large-ion  counter,  some  additional 
information  was  obtained  by  parallel  determination  of  the  concentra¬ 
tion  of  the  condensation  nuclei!  At  all  three  locations,  a  Scholz  nu¬ 
clei  counter  was  used  At  Izana;  also  an  automatic  nuclei  counter 
(KANTER  1969;  see  also  JUNGL,  CHAGNON,  (HANSON  I960)  was  used.  The 
corresponding  nuclei  concentrations  are  given  in  the  individual  fi¬ 
gures,  together  with  the  total  particle  concentration  obtained  for 
that  part  of  the  size  distribution,  covered  by  the  ion  cougter  (bro¬ 
ken  line),  for  size  distributions  with  the  main  maximum  within  the 
size  range  of  the  ion  counter,  the  two  particle  concentrations 
should  roughly  agree.  Due  to  the  different  methods  used  and  the 
difficulties  of  measuring  ion  spectra  at  low  concentrations  the  agree¬ 
ment  is  only  within  a  factor  of  2  or  3  in  most  cases 

1)  On  the  average,  the  ^cholz  nuclei  counter  gives  lower  numbers. 
Comparison  with  the  automatic  nuclei  counter  (KANTER  1969)  seems 
to  support  the  low  Scholz  figures;  which  are  most  likely  due  to 
come  loss  during  counting. 
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If  a  considerable  fraction  of  the  particle  size  distribution  or  even 
the  maximum  lies  outside  the  range  of  the  ion  counter,  the  condensation 
nuclei  counter  should,  of  course,  give  higher  values.  All  our  efforts 
to  improve  the  agreement  further  by  making  the  ion  counter  more  sen¬ 
sitive  and  accurate  u/ere,  however,  not  successf ul . 

In  the  following  some  individual  results  from  the  three  field  trips 
are  discussed. 

For  the  first  trip  we  chose  the  " Schauinsland"  peak  in  the  black  Fo¬ 
rest,  which  can  be  reached  rather  simply.  Here  the  instrument  was 
operated  at  the  measuring  station  of  the  "Deutsche  F0r schungsgemeinscliaj^t". 

The  station  is  1200  meters  above  sea  level,  about  80  meters  below  the 
summit  ' .  because  0f  frequent  rains  and  occasional  thunderstorms,  the 
station  was  often  in  clouds.  Therefore,  against  the  original  plan  the 
head  unit  of  the  ion  counter  had  to  be  installed  inside  the  building, 
with  the  suction  tube  projecting  0.5  m  through  thB  wall  in  southern 
direction,  bince  winds  prevailed  from  5UJ ,  undisturbed  air  could  be 
expected  in  most  cases. 

The  majority  of  the  results  were  similar  in  character  as  shown  by  the 

examples  in  Figs.  16  to  20.  The  maximum  of  the  size  distributions  is 

usually  found  near  4.10  ^  cm  radiu9,  total  concentrations  -  of  the 

3 

sections  shown  -  ranging  between  1500  and  6000  particles  per  cm  .  In 

_7 

most  of  these  examples  a  secondary  peak  is  indicated  around  b.10  cm 
radius,  but  the  results  in  this  range  are  too  uncertain  to  draw  any 
conclusions.  During  most  measurements  on  Schauinsland,  the  relative 
humidity  in  the  outside  air  was  between  65  and  100$.  In  the  example 
of  Fig.  19,  taken  directly  after  an  intense  rainfall,  it  was  about 
100$  so  that  growth  of  particles  may  explain  the  somewha'  different 

1)  Correction  of  the  ion  mobilities  for  the  reduced  air  pressure  was 
estimated  to  be  unimportant  in  this  case  with  respect  to  the  errors 
of  measurement,  so  that  it  was  neglected. 
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shape  of  the  spectrum.  On  several  occasions,  positive  and  negative 
large-ions  were  measured  alternately.  Of  course,  it  can  not  be  ex¬ 
pected  that  successive  spectra,  separated  in  time  by  about  one  hour, 
are  identical.  But  the  material  was  not  sufficient  to  recognize  any 
systematic  difference  between  positive  and  negative  large-ions. 

The  second  trip  u/as  on  board  the  "Meteor",  in  October  1967,  to  the 
Bay  of  Biscay  (cruise  No-  11  of  the  "Meteor",  especially  intended 
for  instrumental  tests,  starting  from  the  North  Sea  and  passing  the 
English  Channel).  On  this  occasion,  the  function  of  the  large-ion 
counter  on  a  ship  and  in  maritime  air  was  to  be  tested.  The  instru¬ 
ment  was  mounted  in  a  special  room  on  the  radar  deck,  the  air  being 
taken  from  a  permanently  installed  air  sampling  system,  about  17 
meters  above  the  sea  surface  During  heavy  sea  no  measurements  were 
possible  due  to  capacity  variations  of  the  electrodes  of  the  ion 
counter  causedby  the  ship  movements;  this  was  the  case  all  the  time 
when  passing  the  North  Sea.  At  wind  velocities  below  6  m/s  measure¬ 
ments  were  possible  when  the  electrometer  charging  time  for  every 
ion  current  determination  was  increased  from  100  seconds  (see  chapter 
3)  to  300  seconds.  This  could  be  done  without  difficulty  since  aero¬ 
sol  fluctuations  were  not  very  large 

Fig.  21  shows  the  first  result  which  could  be  obtained,  though  in 
8emipolluted  air  in  the  English  Channel  near  Dover.  Over  the  open 
sea  in  the  Bay  of  B'.scay,  rather  reliable  results  (Figs  22  to  24) 
were  obtained  when  slowly  cruising  around  47°  N/7°  Ul,  about  300  km 
off  the  nearest  European  coasts.  Unfortunately,  during  this  period 
of  relatively  calm  sea,  easterly  winds  prevailed  so  that  conditions 
of  purs  maritime  air  ware  not  encountered  Ths  size  distributions 
in  Figs:  22  to  24  show  a  somewhat  asymmetrical  maximum  around  2  to 
4,10~6  cm  radius  with  a  slowly  increasing  slope  to  smaller  radii, 
and  sn  apparently  steep  slope  to  larger  sizes.  Total  particle  con¬ 
centrations  were  between  2000  and  4000  per  cm^.  The  relative  humidi¬ 
ty  during  these  measurements  was  between  80  and  Q5%. 
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In  a  third  field  trip  we  finally  attempted  to  perform  measurements 
in  air  masses  which  really  were  typical  for  undisturbed  tropospheric 
"background"  conditions.  Ths  Observatory  Izana  on  the  Island  of  Tu- 
nerife  appeared  to  be  a  suitable  place  which  uias  fairly  easily  acces¬ 
sible.  By  courtesy  of  the  Spanish  National  meteorological  Service 
(Air  minislery ) ,  a  group  of  our  institute  could  be  stationed  at  the 
observatory  during  march  1966  to  perform  aerosol  and  air  chemistry 
studies.  The  Observatory  Izana  is  situated  at  2360  m  height  above 
sea  level  at  28.3°  N/16.5°  ID,  about  20  km  NE  of  the  central  peak 
(3800  m  height)  of  the  island.  The  distance  to  the  African  coast  is 
about  300  km.  Mt  times,  the  station  is  located  above  the  trade  wind 
inversion  (which  may  form  between  1500  m  and  2500  m) ,  in  which  case 
very  clean  air  can  be  expected.  During  this  time  of  the  year  NIK  winds 
and  clean  maritime  air  masses  prevail. 

The  reduced  air  pressure  of  about  750  mb  at  Izana  required  considerable 
corrections  concerning  the  ion  mobilities  and  the  air  flow  measure¬ 
ments.  The  driving  voltages,  the  air  flow  and  thB  flow  meter  (rota¬ 
meter)  calibration  were  changed  in  such  a  way  that  the  same  channel 
subdivisions  resulted  for  the  ion  and  aerosol  spectra.  Frequent 
difficulties  with  line  power  reduced  the  number  and  accuracy  of  the 

measurements.  At  times  the  total  particle  concentration  was  below 
-3 

500  cm  which  is  the  lowor  limit  for  application  of  the  larga-ion 
counter  as  already  pointed  out  in  chapter  3.  The  lowest  concentra¬ 
tions  determined  by  the  two  condensation  nuclei  counters  were 

...  -3 

130  cm  . 

The  size  distribution  shown  in  *ig.  25  was  obtained  in  a  situation 
of  a  weak  inversion  between  2100  and  2600  meters  with  the  station 
being  mostly  in  clouds.  The  height  of  the  inversion  layer,  the  nor¬ 
therly  winds  and  the  relatively  high  particle  concentrations  suggest 
soma  contamination  from  the  island  before  the  air  has  reached  the  ob¬ 
servatory.  Comparison  of  this  fire  distribution '  with  caj^es  of  lower 
concentrations  (a.g.  Fig.  2b  and  27)  suggests  thit  in  this  case  the 
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contamination  might  be  restricted  to  particles  larger  than  about 

.6 

4.10  cm  radius. 

Fig.  26  shows  a  case,  where  the  observatory  was  above  a  strong  inver¬ 
sion  layer.  The  particle  concentration  is  fairly  characteristic  of 
clean  tropospheric  air  and  already  close  to  the  limit  of  the  ion 
counter.  But  the  aerosol  and  the  weather  were  rather  stable  so  that 
four  measurements  could  be  made  within  four  hours,  resulting  in  a 
fairly  reliable  distribution’  Fig.  27  shows  a  similar  situation,  al¬ 
though  the  total  concentration  was  higher.  Here  the  distribution  was 
obtained  by  a  single  measurement,  resulting  in  somewhat  larger  errors. 

Finally,  in  Fig.  28  an  aerusol  size  distribution  is  shown  obtained 

at  Izana  by  combination  of  differant  methods  of  measurement  so  that 

•6  ~2 

the  size  range  from  10  cm  up  to  10  cm  radius  is  covered.  The  re¬ 
sults  above  10~5  cm  radius  were  obtained  by  impactora  and  an  optical 
particle  counter  (JAENICKE  1968).  The  part  below  10~5  cm  radius 
(line  represents  the  data  of  the  large-ion  counter,  an  aver¬ 

age  over  three  eingle  spectre  meeeured  within  three  hours.  The  weather 
situation  wee  atablu  with  the  inversion  layer  below  the  atetion. 

The  totel  particle  concentretion  of  ebout  800  cm'3  of  our  spectrum 

ie  lower  in  this  ceee  then  the  condensation  nuclei  concentration  of 
-3 

about  2000  cm  ,  This,  as  well  aa  the  shape  of  the  left  and  of  the 
spectrum,  suggests  the  presence  of  a  considerable  number  of  smeller 
particles  between  10~7  cm  and  10~6  cm  radius. 

Theee  eize  distributions  from  Izana  are  the  first  ones  available  for 

particlee  smaller  than  10~5  cm  radius  under  clean  air  conditions 

Although  the  accuracy  of  the  data  and  their  number  leave  much  to  be 

dpsired  they  era  of  baeic  Interest  with  reapect  to  the  origin  of  the 

oondeneation  nuclei  in  clean,  unpolluted  tropospheric  air  massee. 

If  the  tropoepherie  background  aeroaol  represents  egad  aerosols 

from  continents  and  from  polluted  areee  one  would  expect  the  maximum 

-5 

of  the  distribution  to  be  close  to  10  cm  radius,  with  particles 
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around  10*^  cm  and  below  almost  missing  (JUNGE  and  ABEL,  1965). 

The  few  data  at  hand  indicate  already  that  this  is  apparently  not 
true*  This  points  to  the  other  alternative  that  even  in  clean  air 
there  is  always  a  production  of  rather  small  particles  and  that  the 
total  concentrations  found  in  clean  air  represent  equilibrium  values 
between  production  and  destruction,  e.g.  coagulation.  However,  more 
and  better  data  are,  no  doubt,  required  to  confirm  this. 

It  was  not  intended,  and  the  material  gathered  until  now  is  by  no 
means  comprehensive  enough,  to  investigate  ayatemetic  relationships 
between  the  aerosol  spectra  and  meteorological  conditions,  e.g,  air 
masses,  on  a  larger  scale.  The  results  obtainad  can  only  be  consider¬ 
ed  as  random  samples  to  demonstrate  the  capability  and  limitation  of 
the  ion  counter  method  particularly  under  clean  air  conditions. 

5.  Conclusions. 

The  result  of  our  development  was  a  large-ion  counter  which  can  de¬ 
termine  atmospheric  aerosol  sire  distributions  over  the  particle  size 
-6  -5 

range  of  10  cm  to  10  cm  radius,  at  particle  number  concentrations 
down  to  about  500  cm'*3.  In  this  lower  concentration  range,  the  opera¬ 
tion  of  the  instrument  is  rather  laborious  and  the  accuracy  of  the 
results  still  unsatisfactory,  oapanding  to  a  large  extent  on  the  pre¬ 
sence  or  absence  of  different  environmental  perturbations,  the  influen¬ 
ce  of  which  has  baen  investigated.  Vie  think  that  the  sensitivity  we 
have  reached  can  not  be  improved  very  much  with  the  presently  availa¬ 
ble  technique.  In  order  to  obtain  reliable  information  on  the  alza 
distribution  of  tropospheric  background  aerosols  the  sensitivity  has 
to  be  improved  by  at  least  a  factor  of  5  and  the  range  has  to  be  ox- 
tended  down  to  10*  cm  radius.  Ion  mobility  measurements  are  not  ca¬ 
pable  to  meet  these  requirements  ror  basic  and  tschnologicsl  reasons, 
da  have  now  started  efforts  to  roach  this  goal  by  using  precision 
nuclei  counters  in  connection  with  electrical  denuders  end  diffusion 
chambers. 
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8.  Tables, 

Table  1.  SIGNIFICANT  DIMENSIONS  AND  DATA  OF  OPERATION  OF  THE 
LARGE-ION  COUNTER 


length  or  cylindrical  condenser 
(electrical  field  section) 

inner  radius 

outer  radius 


1  «  100  ca 


ri  >  2*65  ca 


r  ■  4.50  ca 


lnfr^/r^  -  0.529 


air  flow 
aaxiaua  voltage 

for  ainiaua  critical  aobility  k  . 

atn 

corresponding  to  particle  radius 

aaxiaua  electrical  fiel  strur.ght  E 

affective  capacity  of  electrome¬ 
ter  systea 

usual  period  for  current  measure' 
•ante  by  rate-of-chargc  **e‘vnod 


<j)  m  470  ca^/a 
V  •  2800  volts 

•  1.4.10***  ea2/Ve 
r  *  0.8.10  ca 


aax 


2000  volta/ca 


C  •  10.7  picofarads 

t  >  100  s 


ratio  of  electrometer  current,  I,  JL  .  g  74fi  10 
to  concentration  of  sfegly  charged  N.  *  *  * 

ione,  N^ 

insulator  heetingt  5  watte  (1  sap)  each. 


-16 


a«p 


1/  ca' 


TabU  7.  PAUTIvit  RAO  1 1  CHANNEL  CENTERS  r,  DRIVING  VOLTAGES  VCri, 
mi  Pit)  FACTORS. 


» 

ca 

V(r) 

volte 

P(r) 

e» 

2.! 

5.10 

4,5 

- 

S* 

1Q~* 

i> 

(16.5) 

1. 

lb~« 

66 

9.0 

7. 

10**“ 

250 

5.5 

4. 

10~6 

4.0 

8. 

•  fi 

10 

,  .  70 

3.L 
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9,  List  of  Figures, 

Fig,  1.  Slock  diagram  of  the  large-ion-counter.  1  damping  vessel, 

2  flexible  metal  tube  ( 90  mm  dia.),  3  air  inlet,  4  aspira¬ 
tion  condenser  and  preamplifier  unit,  5  flow  rectifier, 

6  small-ion  filter,  7  receiving  electrode,  8  diiyin^  elec¬ 
trode,  9  shielding-tuba,  10  heated  insulators  for  receiving 
electrode,  11  high  voltage  insulators  for  driving  electrode, 

12  electrometer  line,  13  compensation  electrode,  14  shorting 
relay,  15  Cary  31  p V  alectrometfr  preamplifier,  16  Gary  31 
CM  electrometer  (pain  amplifier,  17  recorder  matcl')inq  and 
polarity  reversal  box,  18  potentiometer  recorder  (any, 

0 ...  1 00  ml/  or  less),  19  blower  (Siemens  l/SA  5),  20  flow 
meter  (Rota  RHN  G  1),  21  control  unit  (seg  Fio,  2),  22  DC 
amplifier  for  compensation  (Frieseke  u.  Hdpfner  FH  408), 

2?  coupling  condenser  on  input  gf  22,  24  jnsulator  bias 
battery,  25  high  voltage  supply "  (Knott  NSHI/-3.5),  26  insu¬ 
lator  bias  voltage  source,  27  line  voltage  regulator  (mag¬ 
netic  type,  500  wa'  .  , 

Fig.  2. Circuit  diagram  of  ,-,e  control  unit.  Connections  (compare 

Fig.  1):  1  from  high  voltage  supply,  2  to  driving  electrode, 

3  to  coupling  condenser  on  FH  408,  4  from  output  of  FH  408,  / 

5  to  compensation  electrode,  6  to  zero  adjustment  circuit 

in  FH  408,  7  to  heaters  and  shorting  relay  of  head  unit, 

8  to  shorting  relay  of  FH  408,  9  to  blower,  10  220  M  AC 

power  input. 

Fig.  3,  Principle  of  compensation  of  high  voltage  fluctuations  in 
the  ion  counter. 

Fig,  4;  High  voltage  coupling  condenser.  1  highly  insulated  electrode, 

2  hi  th  voltage  electrode,  3  shield,  4  input  of  auxiliary 
DC  amplifier  FH  408. 

Fig,  5,  Effect  of  the  damping  vessel.  The  two  curves  are  taken  at 
different  times  (since  the  apparatus  had  to  be  changed)  so 
that  mean  value  and  individual  fluctuations  can  not  be  com¬ 
pared  directly. 

Fig.  6.  Electrical  mobility  k  of  singly  charged  particles  versus 
particle  radius  r. 

Fig.  7.  Aerosol  stationary  electrical  charge  distribution  calcula¬ 
ted  by  BAUST  (1966).  N  «  total  particle  number  concentra¬ 
tion}  N  *  uncharged  particles,  N  (p  *  1,2,  ...)  ■  charged 
particles  of  one  sign.  Calculatedpf or  positive  small-ions 
of  mass  209  Afflll  (»  29  ♦  10  H^O),  temperature  298°  K. 
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Tig.  8.  Ratios  N  /N^  and  factor  P(r)  obtained  from  the  aerosol 
stationary  electrical  charge  distribution  calculated  by 
8AUST  (1966). 

fig.  9.  Ion  paths  and  current- voltage  characteristics  of  integral 
ion  counter  for  different  cases. 

fig.  10.  Example  of  a  model  size  distribution  with  error  caused  by 
using  only  one  measuring  point  per  channel  of  radii.  The 

corresponding  l(\/)  curve  is  part  of  a  circle.  _  is 

obtained  with  the  exact  method,  .......  with  the  simple 

method  (see  text). 

fig.  11.  Error  of  a  model  size  distribution,  caused  by  -  2.5.10  ^ 
amperes  absolute  error  of  the^ion  currents , ^f or  total  par¬ 
ticle  numbers  of  (a)  1000  cm  ,  (b)  500  cm  . 

Fig.  12.  Example  of^error  of^g  structured  model  size  distribution, 
caused  by  -  2.5.10  amperes  absolute  error  of  the  ion 
currents. 

fig.  13.  Example  of  measurement  ( Schauinsland  21.8.1967/15  h): 
record  of  ion  currents. 

fig.  14,  0urrent-voltage  curve  from  Fig.  13. 

fig.  15.  Size  distribution  from  fig.  14, 

fig.  16  to  20:  Size  distributions  measured  at  "Schauinsland",  Aug. 
1967.  _  ions  (one  sign), - particles. 

fig.  21  to  24:  Size  disti  i.butions  measured  in  the  Bay  of  Biscay 

on  research  vessel  "Meteor",  Oct,  1967,  _  ions  (one 

sign),  — — —  particles. 

fig.  25  to  27:  Size  distributions  measured  at  I zana/Teneri f e , 

Mar.  1  968.  _  ions  (one  sign),  - particles. 

fig.  28:  Combined  size  distribution  measured  at  I zana/Tener if e , 

23  Mar.  1968  by  simultaneous  use  of  r’fferent  instruments. 
Part  was  obtained  with  the  i  rge-ion  counter.  The 

other  parts  were  obtained  by  R.  JAENICKE  (1966)  with  follow¬ 
ing  instruments:  _  (inclined):  two-stage  jet  impac¬ 
tor}  . optical  particle  counter  "Royco"}  — — — :  jet 

impactor |  _______  (stepped):  free-air  impactor. 
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Part  Hi  Investigation  of  the  Composition  of  Atmospheric 
Murusol  Particles  by  Measurement  of  particle 
Grwoth  due  to  Hbsorption  of  Ulster  Vapor  and 
Organic  Vapors. 
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1  Introduction 

In  earlier  studies  (UINKLCR,  1969)  we  developed  a  method  to  measure 
the  humidity  grouith  of  aerosol  particles  Py  determining  gravimetri- 
cally  the  weight  increase  of  an  aerosol  sample  which  is  exposed  to 
different  relative  humidities.  yith  this  method  we  determined  aero¬ 
sol  growth  curves  in  continental  and  maritime  air  masses.  Lxcept  for 
clear  evidence  of  the  presence  of  considerable  amounts  of  sea  salt 
in  oceanic  air  the  growth  curver  were  rather  uniform  and  smooth. 

They  also  showed  hysteresis  for  increasing  and  decreasing  humidi¬ 
ties  In  addition  the  question  arose  if  and  to  what  extent  does 
aerosol  growth  occur  if  exposed  tc  organic  vapors  instead  of  water 
vapor.  The  study  of  this  effect  was  expected  to  i^ive  interesting 
information  on  the  content  of  the  aerosols  of  organic  matter  and 
on  the  physical  structure  of  natural  aerosols.  It  was  the  purpose  of 
the  work  under  this  contract  to  obtain  information  on  these  problems 
in  accordance  with  the  statement  of  work: 

a)  development  and  refinement  of  e  gravimetric  method  to  study  the 
growth  of  artificial  and  natural  aerosols  by  abuorbtion  of  voter 
vapor  and  several  organic  vapors  in  order  to  obtain  information  on 
their  chemical  composition 

b)  Perfomance  of  measurements  of  natural  aerosols  uno.  r  various 
meteorological  and  geographical  conditions  in  order  to  obtain  in¬ 
formation  on  the  average  composition  of  natural  aetnolu. 

Work  was  started  cn  point  a)  and  the  development  and  refinement 
Of  the  methods  was  completed  to  a  lerg*  extent.  St  turned  out  that 
measurement  of  growth  curves  of  aerosols  in  crga  ic  v-.pors  apr«r<  fit¬ 
ly  modified  the  earn,  las  so  that  this  meUod  is  not  quite  undestruc¬ 
tive  at  ongninally  expected.  It  furthe  turned  out  that  by  <*issp*  r 
the  sens  lamp  e  in  «  sequence  of  water  and  organic  solvent;,  more  art; 
faster  inform  iticn  could  be  obtained  L jnsequ*nt 1 y  this  thob  » »s 
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given  the  preference,  bince  it  mas  originally  expected  that  the  con¬ 
tract  might  be  extended  another  year  systematic  field  measurements 
iisted  under  point  b)  could  not  be  performed  so  that  this  part  of 
the  uiork  is  left  uncompleted  under  this  contract.  The  work  is,  how¬ 
ever,  continued  by  support  from  other  sources. 

2.  Method  of  measurement. 

2.1  micro  balance. 

for  the  present  purpose  a  special  micro  balance  was  developed  on 
the  basis  of  a  thin  horizontal  elastic  fiber  fixed  at  one  end  and 
used  at  the  other  end  to  put  the  sample  on.  The  deflection  of  the 
fiber  as  a  measure  of  the  weight  is  practically  linear  and  can  be 
determined  very  accurately  with  a  suitable  microscope 

In  order  to  measure  growth  curves  of  aerosol  samples  the  elastic 
fiber  with  the  sample  attached  to  the  end  is  enclosed  in  a  thermo- 
stated  metal  case,  through  which  air  of  known  relativa  nuaitidy  or 
organic  vapor  content  is  ventilated.  Absorption  of  water  or  organic 
solvent  by  the  aerosol  sample  results  in  «  weight  increase  which 
approaches  equilibrium  after  a  certain  time.  °y  increasing  or  decrea¬ 
sing  the  relative  vapor  saturation  by  small  increments  the  absorp¬ 
tion  growth  Curves  of  the  esrosol  samples  can  be  determined  in  both 
direction**. 

The  micro  balance  developed  for  our  purpose  had  a  sensitivity  of 
1  yug  per  division  of  the  microscopic  scale,  of  which  fractions 
could  be  estimated.  The  range  visible  in  the  microscope  was  about 
100  /ugi  by  adjusting  the  fiber  in  different  po  itijns  the  useful 
range  could  be  extended  to  about  1Q00  ^ug ,  with  uniform  Sensitivity. 

Thu  aerosol  sample  is  deposited  on  a  small  and  v  ry  thin  piece  of 
metal  foil  in  ordur  to  keep  the  weight  cf  the  sample  carrier  as  low 
as  possible  (  -  O.f  mg).  The  weight  of  the  avfosol  sample  is  deter- 
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mined  by  the  increase  in  weight  of  the  foil  after  deposition.  Ano¬ 
ther  weight  similar  to  that  of  the  foil  is  used  to  check  possible 
changes  of  the  zero  position  of  the  balance. 

Fig.  1  shows  a  diagram  of  the  balance.  Two  similar  balances  were 
available,  one  of  which  was  constructed  of  material  not  affected 
by  organic  vapors  after  we  found  out  that  this  was  not  the  case  for 
the  first  balance  used  for  water  vapor. 

2.2  Variation  of  relative  vapor  saturation. 

The  air  circulated  through  the  balance  is  drawn  through  a  battery 
of  a  total  of  six  metal  bottles  covered  inside  with  blotting  paper 
and  containing  small  amounts  of  t.'ie  solvent  such  as  water,  ether, 
acetone  etc.  (Fig.  2).  These  bottles  are  kept  at  a  carefully  con¬ 
trolled  temperature  by  a  cryostat.  The  vapor  becames  saturated 
within  the  bottles  and  its  pressure  can  be  determined  from  chemical 
tables.  After  leaving  the  bottles  the  air  is  passed  through  a  pre¬ 
heater  into  the  balance  kept  w/  a  thermostat  and  by  suitable  inso¬ 
lation  at  a  constant,  but  higher  temperature.  The  temperature  dif¬ 
ference  cryostat-balance  gives  the  relative  vapor  saturation. 

The  cycir  through  the  cryostat  bottles,  the  balance  and  the  pump 
is  a  closed  one,  ^oi  studies  with  organic  vapors  the  air  within 
the  cycle  iu  drier4  to  exclude  the  influence  of  water  vapor.  The"dry 
weight"  of  tho  samples  can  be  determined  by  flushing  the  balance 
with  dried  air. 

With  this  arrangement  the  relative  vapor  saturation  can  be  varied 
between  20#  and  97#,  For  water  vapor  the  error  is  less  than  1#, 
for  organic  vapors  it  depends  on  the  accuracy  of  the  tables  and  is 
smaller  than  2#. 
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2.3  Msro3ol  sampling. 

The  samples  are  taken  by  means  of  a  silt  impactor  which  collects 
particles  >1.1  pi  radius.  The  aerosol  is  deposited  on  a  small  and 
thin  aluminium  foil.  The  great  advantage  of  impactors  consists  in 
concentrating  large  amounts  of  aerosols  on  small  surfaces.  This  makes 
it  possible  to  keep  the  foil  small  and  the  weight  ratio  of  sample 
to  foil  high. 

2.4  Calibration  of  the  microbalance  and  accuracy  of  the  measure¬ 
ment. 

In  accordance  with  CUNNINGHAM  and  IULRNER  (1949)  the  microbalance  was 
calibrated  by  putting  small  amount^  of  a  carefully  prepared  KN03 
solution  b  '  a  micro  burette  on  the  metal  foil.  The  salt  residues 
after  drying  were  used  for  calibration. 


The  calibrations  turned  out  to  be  completely  linear  in  the  range 
used.  The  standart  deviation  for  both  balances  was  about  0.2  ^ug, 
the  maximum  errors  were  smaller  than  0.5  piq* 


In  order  to  avoid  changes  in  the  zero  position  due  to  irt|complete 
elasticity  of  the  fiber  the  lead  of  the  balance  was  always  kept 
approximately  constant  also  if  not  in  use.  The  aluminium  foils 
usud  differed  by  not  more  than  10  pi g  from  their  average  weight. 
Remaining  small  variations  of  the  zero  position  can  be  eliminated, 
because  they  appear  to  be  reproducible.  The  zero  position  is  deter¬ 
mined  before  and  after  each  measurement,  by  using  a  standart  weight. 


Another  error  in  determining  the  weight  increase  m/mo  (m  *  mass  of 
the  sample  at  vapor  pressure,  p,  mQ  =  mass  of  the  sample  for  p  >0) 
can  cccur  in  tha  determination  of  mQ,  if  the  sample  at  p  ■  0  is  not 
completely  dried,  mQ  is  determined  twice  before  and  after  the  mea¬ 
surements.  If  differences  are  observed  the  lowest  value  for  is 
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used. 


2,5  Tast  of  the  method  by  use  of  known  salts. 

A  very  efficient  u/ay  of  tasting  the  nvthod  is  by  measuring  thev 
growth  curves  of  known  salts.  If  tables  are  available  for  relative 
vapor  saturation  as  function  of  the  concentration  of  a  salt  solution 
the  ratio  m/m^  can  be  calculated  and  compared  with  measurements. 

Fig.  3  shows  that  the  agreement  is  good.  Uiith  increasing  humidity 
the  transition  from  crystal  into  a  droplet  occurs  very  eharptly  at 
the  humidity  of  the  saturated  solution.  Uiith  decreasing  humidity  the 
solution  becomes  supersaturated  and  crystallisation  occurs  at  a  some¬ 
what  lower  humidity.  This  branch  of  the  curve  is  time  dependent  and 
not  'reproducible  and  will  be  discussed  later  (Section  4), 

3,  Studies  of  the  shape  of  the  growth  curves  with  humidity  of  sam¬ 
ples  of  natural  aerosols. 

3,1  The  problem. 

Fig,  3  shows  that  the  growth  curve  of  a  pure  salt  is  characterized 
by  the  critical  relative  humidity  for  the  transition  from  crystal 
into  droplet.  Previous  studies  (ll/INKLER)  of  natural  aerosol  samples, 
of  which  Fig.  4  gives  typical  examples,  showed  rather  smooth  curves, 
except  in  maritime  air  masses,  where  the  dominant  NaCI  content  from 
sea  salt  results  in  a  more  or  less  pronounced  growth  rate  near  75% 
relative  humidity.  The  character  of  the  growth  curves  is  therefore 
quite  different  for  natural  aerosols  and  pure  salts  and  the  question 
arises  why  this  is  so.  besides  this  difference  the  total  growth  of 
natural  aerosols  is  also  smaller  than  of  pure  salts.  This  latter 
phenomenon  was  thought  to  be  caused  by  the  presence  of  insoluble 
matter  according  to  the  concept  of  mixed  aerosols  (JUNGE,  1952). 

The  decrease  of  total  particle  growth  of  atmospheric  particles  con¬ 
sisting  of  a  mixture  of  soluble  and  insoluble  matter  can  be  calcu¬ 
lated,  but  nothing  is  known  about  the  mutual  influence  of  the  vari- 
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ous  soluble  and  insoluble  components  and  why  such  mixtures  result 
in  smoothed  curves  as  observed  for  natural  aerosols. 

From  physico-chemical  concepts  it  can  be  expected  that  there  should 
be  considerable  influence  among  the  various  ionic  constituents  in 
a  mixed  solution  on  their  solubility,  Balts  with  the  same  ions  will 
influence  each  other  according  to  the  law  of  mass  action,  different 
ions  will  effect  each  other  through  changes  of  the  activity  coef¬ 
ficients.  Because  of  lack  of  data  it  is  practically  impossible  to 
predict  the  behavior  of  a  given  ionic  mixture.  U/e  decided,  there¬ 
fore,  to  run  a  number  of  te  cs  for  mixtures  of  known  composition 
in  order  to  see,  at  least  qualitatively,  what  effects  might  be  ex¬ 
pected.  In  these  studies  we  found  two  effects  which  tend  to  smooth 
steps  in  growth  curves.  The  more  important  one  is  due  to  the  mutual 
influence  in  solutility  of  different  ions,  the  second  one  is  connec¬ 
ted  with  the  presence  of  insoluble  matter  and  is  most  likely  caused 
by  absorbtion  phenomena  at  its  sur|acB, 

3.2  Growth  curves  of  polyionic  mixtures. 

Chemical  analysis  of  the  natural  aerosol  (3UNGE,  1963,  JUNGE  and 
SCHEICH,  1967)  have  shown  the  presence  of  several  ions,  e.g,  Na+, 

K+,  NH^*,  S04",  Cl",  NOj  ,  mixtures  of  these  ions  were  prepared  and 
tested.  uJe  succeeded  in  obtaining  growth  curves  which  were  similar 
to  those  of  the  natural  aerosols.  The  measurements  indicate  that 
both  the  composition  of  the  components  and  their  number  is  impor¬ 
tant.  «  few  examples  will  demonstrate  this. 

Pig,  S  shows  o  test  in  which  the  number  of  components  was  stepwise 
increased.  The  composition  of  the  salts  was  primarily  chosen  in 
such  a  way  that  new  ions  were  added,  so  that  the  influence  of  solu¬ 
bility  products  is  strongly  reduced.  see  that  curve  d  with  five 
components  results  in  a  curve  very  close  to  a  typical  example  of  a 
continental  '.rosol. 


In  these  runs  the  total  amount  of  soluble  matter  was  measured  at 
relative  humidities  of  less  than  1$  before  and  after  each  run,  to 
make  sure  that  no  loss  of  material  occured  due  to  possible  escape 
of  ion  combinations  which  resulted  in  volatile  compounds  such  as 
Htl  or  NH^.  It  was,  however,  not  tested,  if  some  material  escaped, 
while  drying  the  sample  for  the  first  time. 

The  example  in  Fig.  5  shows  that  mixtures  of  ions  can  result  in 
both  smooth  growth  curves  and  also  considerable  reduction  of  total 
growth  as  compared  with  single  salts,  e.g,  NaCl.  The  growth  curves 
of  natural  aerosols  could,  therefore,  in  principle  be  explained 
without  the  presence  of  insoluble  matter.  Since  analysis  shows  that 
considerable  fractions  of  insoluble  matter  arB  present  in  natural 
aerosols,  it  is  most  likely  that  both  effects  are  involved  to  va¬ 
rious  degrees. 

It  is  quite  evident  that  the  growtn  curves  of  individual  salts  are 
modified  qualitatively  and  quantitatively  by  addition  of  other  ions 
and  that  the  composite  growth  curves  can  not  be  obtained  by  any 
simple  additive  procedure,  except  for  high  humidity  according  to 
Racjtflts  Law. 

Another  example,  of  mutual  influence  between  various  ions  is  shown 
in  Fig.  6.  Curve  a  shows  a  mixture  with  the  same  number  of  compo¬ 
nents  as  curve  d  in  Fig,  5  but  with  a  pronounced  step  at  69'X  rela¬ 
tive  humidity.  Addition  of  HC1  even  increases  this  step  (curve  c), 
but  addition  of  H^SO^  (curve  b)  modifies  the  growth  curve  conside¬ 
rably.  It  should  be  mentioned  that  the  mixture  of  curve  a,  rig .  6 
contains  salt  combinations  which,  if  being  present  aiore,  wohl  d  be 
soluble  below  60Ji. 
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3.3  Mutual  influence  between  soluble  and  insoluble  matter. 

In  view  of  the  fact  that  natural  aerosols  are  always  composed  of  a 
mixture  of  soluble  and  insoluble  matter  (concept  of  mixed  particles) 
we  tested  the  mutual  influence  between  thxese  components  in  artifi¬ 
cial  muxtures.  fig.  7  gives  an  example.  Here  we  prepared  mixtures 
of  NaCl  with  three  different  forms  of  SiOj  which  differ  primarily 
in  grain  size,  i.e.  in  the  ratio  of  absorbing  surface  to  mass.  In 
the  sample  b  the  insoluble  particles  had  radii  between  0.1  and 
1  ytim  (grinded  sand),  in  sample  c  between  0.01  and  0.05  yum  (Aero- 
8il)  and  in  sample  d  the  inner  surface  of  the  porous  material  (sili- 
cagel)  was  about  400  m  /g.  The  mixtures  were  prepared  in  such  a  man¬ 
ner  that  the  insoluble  fraction  was  always  about  65#  of  the  total 
weight  of  the  sample.  The  data  plotted  in  fig.  7  give  the  amount  of 
water  absorbed  with  reference  to  the  weight  of  NaCl  so  that  the 
curves  reflect  the  influence  of  the  insoluble  matter  on  the  solubi¬ 
lity  of  NaCl.  The  curves  do  not  show,  therefore,  the  reduction  of 
the  growth  curves  with  reference  to  total  weight  which  is  the  basis 
for  previous  calculations  for  mixed  particles  in  the  literature 
(see  e.g.  JUNGE ,  1963). 

The  calculations  of  these  reductions  would  be  correct  if  the  curves 
in  fig.  7  would  be  those  of  pure  NaCl  (curve  a).  But  we  see  two 
kinds  deviation  from  these  curvest 

1,  The  curves  of  NaCl  are  smoothsd  by  the  presence  of  SiO^,  curve  b, 
c  and  d. 

2.  The  total  water  absorption  of  NaCl  increases  somewhat  in  the  pre¬ 
sence  of  Si02  and  this  effect  is  larger  for  larger  ebsorption 
surfaces*  Curve  a  shows  the  growth  curve  for  silicagel  without 
NaCl  indicating  an  absorption  of  about  65#  of  water  at  9b#  rela¬ 
tive  humidity.  Comparison  of  the  curves  a,d,  and  e  shows  that 
growth  of  the  system  silicagel  plus  NsCl  is  larger  than  the  sum 
of  the  individual  effects 


***'’*“- ••  nii  •  tri  i|- 1,, 


50 


From  Fig.  7  u/e  can  conclude  that  the  presence  of  finely  divided 
insoluble  matter  in  aerosol  particles  mill  not  only  reduce  total 
growth  according  to  the  concept  of  mixed  particles  but  will  modi¬ 
fy  the  shape  of  the  growth  curves,  of  the  soluble  components,  in 
particular  it  will  tend  to  smooth  the  growth  curves  of  pure  salts. 
Similar  results  were  obtained  for  other  salts,  e.g,  for  fflgCl^.  The 
same  effect  can  be  demonstrated  for  natural  aerosols  if  the  solu¬ 
ble  and  insoluble  fractions  are  separated.  This  separation  can  be 
achieved  by  the  following  process:  h  droplet  of  very  pure  water  is 
run  over  the  sample  and  transfered  after  a  while  on  a  separate  pla¬ 
te  and  dried.  Tnis  is  repeated  several  times  to  make  sure  that  no 
soluble  matter  is  left  with  the  aerosol  sample.  Fig.  t)  shows  growth 
curves  of  the  original  sample  and  of  the  soluble  and  insoluble 
fraction  after  separation  for  three  different  aerosols.  The  mixture 
absorbs  more  water  than  both  components  individually  particularly 
in  the  range  between  30  and  70%  relative  humidity. 

We  can  conclude  from  these  experiments  that  the  simple  concept,  by 
which  the  growth  curves  of  mixed  nuclei  are  calculated  on  a  volume 
basis,  is  only  a  rough  approximation,  uie  can  in  general  distinguish 
three  effects  by  which  this  concept  is  modified 

1.  Smoothing  of  grwoth  curves  due  to  the  presencr  of  several  diffe¬ 
rent  ions  and  the  presence  cf  insoluble  setter  with  absorbing 
surfaces. 

2.  Reduction  of  total  growth  due  to  the  presence  of  several  different 
iona. 

3.  Enhancement  of  total  growth  due  to  interaction  between  soluble 
and  insoluble  components. 

We  feel  that  at  least  qualitatively  these  effects  can  explain  the 
ehape  and  the  amplitude  of  the  growth  curves  of  natural  aerosols 
in  a  satisfactory  way. 
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4«  Studies  of  the  hysteresis  effect, 

4,1  The  problem. 

In  our  previous  studies  of  nstural  aerosols  we  found  that  the  sane 
sample  contained  lees  eater  for  stepwise  increised  humidity  than 
for  decreasing  humidity.  This  effect  wascallad  hysteresis.  It  can 
in  principle  be  caused  by  several  processes! 

9)  Condensation  in  pores  of  dry  insoluble  material,  in  case  of  our 
aerosol  samples  these  pores  can  be  present  in  the  aerosol  par¬ 
ticles  prior  to  collection  or  they  can  be  produced  between  the 
aerosol  particles  by  collection  in  many  layers  in  our  impactor 
samples. 

b)  Supersaturation  of  salt  solutions  are  easily  formad  with  decrea¬ 
sing  humidity  in  pure  salt  solutions,  resulting  in  hysteresis 
below  the  critical  humidity  of  the  salt  (humidity  of  the  bulk 
saturated  solution), 

c)  Spread  of  organic,  eater  insoluble  material  in  our  aerosol  sam¬ 
ples  due  to  the  presence  of  such  material  in  natural  aerosols. 

Such  films  would  tend  to  decrease  the  rate  of  water  exchange 
during  changes  of  humidity. 

The  effect  a)  is  known  for  porous  materiel  (a.g.  ADAMSON,  196?* 

COHAN,  1944),  In  case  of  process  b)  and  c)  one  would  expect  that 
the  affect  dacreesas  wi'h  time  of  observation.  This  time  dependence 
wae  found  in  experiments  with  pure  salt  solutions  for  process  b). 

Our  measurements  indicated  no  time  effect  for  natural  aerosol  samples. 
Me  concluded  therefore  that  in  this  case  hysteresis  «<i«  caused  prima¬ 
rily  by  the  presence  of  pore*  in  the  samples  leaving  the  puestion  open 
if  the  porefe  were  present  within  the  aerosol  p«.  tides  or  were  pro¬ 
duced  by  the  collection  process,  u*  tested  also  the  possibility  c) 
by  adding  to  tie  samples  organic  materiel  w» ich  spreads  ov*r  the 
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surface  of  aqueous  solutions  (e.g.  stearic  acid)  but  we  could  not 
produce  reliable  effects. 

UJe  resumed  these  studies  of  the  hysteresis  effect  in  the  contex 
of  the  present  work. 

4.2  Hysteresis  for  separated  soluble  and  insoluble  fractions  of 
natural  aerosols. 


fig.  0  shews  that  hysteresis  of  natural  aerosols  is  larger  for  the 
composite  sample  than  for  either  the  soluble  or  the  insoluble  frac¬ 
tion.  The  insoluble  fraction  should  have  preserved  all  the  pores 
present  in  the  original  sample.  It  is  evident  from  the  small  hyste¬ 
resis  efrect  of  the  insoluble  fraction  that  process  a)  is  of  minor 
importance  at  least  for  our  natural  aerosol  samples.  The  hysteresis 
of  the  soluble  fraction  is  larger  than  that  of  the  insoluble  fraction, 
it  is  in  general  smaller,  though  sometimes  comparable  to  the  effect 
of  the  original  sample.  These  observations  seem  to  indicate  than 
hysteresis  might  be  enhanced  by  mutual  influence  between  soluble 
and  insoluble  matter.  In  order  to  test  this  suggestion  we  made  a 
number  of  experiments  with  known  substances  anu  mixtures. 

4.3  Hysteresis  of  known  materials  and  mixtures. 

fig*  9  shows  hysteresis  curvet,  of  three  insoluble  materials  with 
different  ratios  of  surface  to  mass.  Whereas  carbon  black  shows  an 
affect  comparable  to  that  of  the  insoluble  fraction  of  r.etura. 
aerosols,  both  aernsil  end  particularly  sillcagel  show  ronsi  stable 
effects.  This  is  in  agreement  with  '■indirgs  by  COHah  (t9e*  . 

fig.  10  shows  measurements  of  salt  mixtures  with  lntoluDle  matter. 

NaCl  shows  a  higher  hysteresis  with  sllicegwl  (curve  b)  thsn  with 
grinded  sand  (curve  e) .  'he  salt  .»i  •  tuts  alone  (curve  c)  shoes  n~ 
hysteresis,  but  sedition  of  eerostl  a  de:  mite  affect 
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(curve  d). 

It  is  evident  from  all  these  measurements  that  the  phenomenon  is 
quite  complex.  Insoluble  matter  of  sufficient  inner  surface  shows 
hysteresis  apparently  produced  by  capillary  condensation.  It  looks 
as  if  this  effect  is  not  very  important  for  natural  aerosols,  i.e. 
that  the  insoluble  matter  in  natural  aerosols  has  not  a  very  large 
absorbing  surface.  Pure  salt  solutions  may  shoe  hysteresis  or  not 
depending  on  the  possibility  of  supersaturation  whicP  in  turn  is 
critically  dependend  on  nucleation  processes.  There  is  evidence 
that  the  hysteresis  in  our  natural  aerosol  samples  is  primarily 
produced  by  interaction  between  soluble  and  insoluble  ma.'.ar  of 
sufficient  absorbtion  capabilities.  This  suggests  that  the  hyste¬ 
resis  which  we  observe  with  our  samples  is  due  to  the  aerosols 
themselves  and  not  to  the  special  way  in  which  the  samples  are 
collected.  Ue  could  not  obtain  reproducible  information  on  the  in¬ 
fluence  of  oil  films,  but  we  believe  that  this  is  of  no  great  im¬ 
portance  for  our  presdnt  problem. 

5.  Studies  of  the  organic  fraction  in  aerosols. 

5.1  Growth  curves  in  organic  vapors. 

We  started  measurements  of  growth  curves  of  aerosols  in  organic 
vapor j  because  it  was  suggested  that  this  might  be  a  useful  non 
destructive  method  to  study  the  composition  of  organic  fractions 
in  aerosols,  fig*  11  shows  a  few  examples  of  such  growth  curves 
for  natural  aerosols.  The  total  weight  increase  seems  to  be  smaller 
than  with  water  vapor  which  can  be  due  to  the  following  off octet 

e)  the  density  of  orgsnic  liquid  is  smaller  than  one, 

b)  The  soluble  fraction  of  the  aerosol  in  the  particular  solvent 
it  smaller  then  that  In  water, 

c)  The  solubility  of  the  materiel  In  th*  particular  solvent  is 
high,  so  thst  only  small  amounts  of  vapor  ere  absorbed. 
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The  shape  of  the  growth  curves  is  similar  to  that  for  water  vapor, 
as  expected,  but  the  hysteresis  effect  is  smaller.  This  small  hyste¬ 
resis  effect  seems  to  support  the  conclusion  from  the  water  vapor 
results  that  capillary  condensation  in  the  insoluble,  porous  frac¬ 
tion  is  of  minor  importance.  Otherwise  it  should  bu  of  similar 
magnitude  when  using  organic  vapors. 

The  possibility  to  use  this  method  for  non  destructive  analysis 
depends  on  the  complete  reversibility  of  the  absorption  process 
in  various  vapors.  If  this  would  be  the  case,  one  could  expose  the 
same  sample  to  water  and  to  a  variety  of  organic  vapors  in  order 
to  obtain  data  on  the  miss  fraction^  of  different  groups  of  organic 
components  in  the  aerosol  sample.  In  ordsr  to  test  the  reversibili¬ 
ty  of  the  absorbtion  process  the  same  sample  was  exposed  to  water 
vapor,  aceton  vapor  and  again  water  vapor,  fig.  12  shows  that  the 
second  exposure  to  water  vapor  indicates  less  absorbtion  than  the 
first  exposure,  suggesting  some  modification  of  the  sample  with 
respect  to  water  soluble  matter,  during  the  aceton  exposure.  Be¬ 
cause  of  this  efrect  and  the  difficulty  in  quantitative  interpre¬ 
tation  with  respect  to  b)  and  c)  above  we  abandoned  this  method. 
Instead  we  dsvelot  id  the  "solution  technique"  which  seems  to  be 
mere  straight  forward  and  which  appears  to  work  better  and  faster, 
°efore  discussing  this  method  we  will  describe  st  «  measurements 
of  mass  decrease  of  aerosol  samples  due  to  heating. 

S.2  Volatile  material  in  aerosols. 

lost  inorganic  substances,  which  mure  shown  to  Oe  present  in  natu¬ 
ral  awrosois  or  which  can  u«  expected  to  oe  present  have  negligi¬ 
ble  vapor  presuras  fevxuw  about  100°  C,  there  are  many  organic  sub¬ 
stances,  on  the  other  hand,  which  are  voletive  at  much  lower  tem¬ 
peratures.  Sett*  and  PRUNING, (1962),  collected  aeroeoi  samples 
in  clean  end  polluted  air  on  chromium  roils  and  hsetsd  them  to  *0  - 
70°  C.  By  measuring  the  light  scattered  by  these  esmples  he  found 
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in  most  cases  a  considerable  decrease  after  heating.  Although  it  is 
likely  that  this  is  due  to  evaporation  the  oasibility  cannot  be 
excluded  that  other  processes  are  involved  uch  as  microdestillation, 
spread  of  particles  on  the  surface  etc.  which  can  also  result  in  a 
decrease  of  light  scattering  capabilities.  The  presence  of  large 
fractions  of  some  organic  material  in  atmospheric  aerosols  mas  de¬ 
monstrated  by  their  solubility  in  chloroform  (GOETZ,  1964). 

It  was  easy  to  test  these  interesting  servations  with  our  gravi¬ 
metric  method,  ^e  heated  aerosol  samples  in  steps  up  to  1S0°  C 
and  determined  the  loss  of  weight,  fig.  13  shows  two  typical  exam¬ 
ples.  dith  increasing  temperature  increasing  fractions  of  the  sam¬ 
ple  evaporate,  but  in  each  temperature  stsp  a  certain  equilibrium 
value  is  reached  indicating  that  always  new  components  are  invol¬ 
ved  whan  the  temperature  is  raised.  The  weight  losses  are  quits 
substantial  but  it  is  not  certain  if  only  organic  materials  are 
involved,  since  at  150°  C  also  a  few  inorganic  compounds  such  as 
or  (NH4)2504  might  decompose.  The  partial  volatility  of 
water  soluble  material  or  natural  aerosols  could  be  demonstrated 
by  measuring  growth  curves  in  water  vapor  before  and  after  heating, 
fig.  14  shows  examples  of  this  effect.  The  sample  of  17.9.68  is  the 
same  in  fig.  13  and  14.  »  decrease  of  aceton  soluble  matter  by  hea¬ 
ting  is  demonstrated  in  fig.  llf  b. 

These  tests  must  be  considered  prlliainary  and  were  performed  prt* 
warily  to  ottain  a  survey  for  the  various  effects  and  the  possibi¬ 
lities  of  the  method.  It  is  sppsrsnt  that  these  methods  *sy  bs  qui¬ 
ts  suitable  to  obtain  interesting  information  on  atmospheric  aero¬ 
sols. 

5.3  Ths  solution  method. 

rgmic  ut  .tances  in  aerosols  e re  of  increasing  interest  in  pollu¬ 
ted  (SfttflCKl,  >964,  I96fs  rtUBI*.  1952)  at  well  as  in  unpolluted  at- 
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Biospheres  (UIENDT,  1965,  I960}  GOETZ,  1965).  But  our  information  on 
these  materials  is  up  to  noui  very  scanty.  UJe  mere  therefore  inter¬ 
ested  in  developping  a  suitable  method  to  obtain  such  information 
on  a  quantitative  basis,  i}ince  absorbtion  measurements  in  various 
vapors  mere  not  reproducible  enough  and  too  tedeous  me  tried  an¬ 
other  method  which  proved  to  be  more  successful.  In  this  "solution 
method"  the  aerosol  samples  are  exposed  to  various  solvents  in  a 
certain  sequence  and  the  losses  in  weight  are  measured.  In  each  step 
the  exposure  to  the  solvent  is  repeated  in  order  to  ensure  that  no 
soluble  material  is  left.  In  most  cases  we  started  with  water  follousd 
by  organic  solvents  with  increasing  capability  to  disolve  organics 
(tfluotropic  equence).  This  gives  information  on  the  presence  of  cer¬ 
tain  groups  of  organics  present  in  the  aerosols  and  on  their  mass 
fraction. 

An  extension  of  this  method  consists  in  the  collection  of  a  number 
of  equal  samples  which  are  treated  with  the  same  solvents  but  in 
different  sequences.  This  program  is  closely  connected  with  another 
one  using  thin  layer  chromatography  of  these  aerosol  samples.  In 
this  way  we  hope  to  obtain  a  survey  about  the  main  groups  of  orga¬ 
nic  substances  in  polluted  and  unpolluted  aerosols. 

An  important  requirement  for  a  successful  application  of  the  solu¬ 
tion  method  is  that  the  individual  solution  steps  do  not  remove 
•ny  insoluble  material  from  the  sample  by  the  solution  process. 

To  teat  this  requirement  always  two  identical  samples  were  treated  in 
the  same  way.  The  results  are  given  in  Table  1}  they  show  that  the 
requirement  is  satisfied.  The  deviations  are  smaller  than  4%  of 
the  total  mass,  but  can  be  reduced  to  about  2%  by  very  careful  work. 
With  fractions  of  the  organic  matter  of  about  15  -  30%  in  the  aero¬ 
sols  it  "iill  be  possible  to  obtain  quantitative  information  by  this 
method.  These  tests  were  made  with  tetrahydrof uran  which  is  a  strong 
solvent.  wL.  have  not  yet  made  measurements  with  other  solvents,  but 
we  expect  a  similar  behavior. 
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Table  1,  Teats  for  solution  me thod. 

Total  Mass  =  100$,  The  first  and  the  second  figure  refer!  tc  the  first 
and  the  second  impactor  respectively.  The  numbers  in  parantheses 
givs  the  sequence  of  extraction. 


Water  soluble  Tetrahydro ^furan-  volatile  insoluble 


fraction 

soluble  fraction 

fraction 

fraction 

1. 

29.7 

31.3 

(3) 

15.1 

15.5 

(D 

16.6 

18.8 

(2) 

38.6 

34.5 

2. 

31.2 

31.5 

(2) 

IS. 3 

16.2 

(D 

— 

54.5 

52.4 

3. 

22.7 

22.2 

(3) 

0.3 

0.2 

(2) 

24.0 

24.9 

(1) 

53.0 

53.0 

4* 

28.0 

28.0 

(3) 

0.1 

6.0 

(2) 

18.5 

18.5 

(D 

47.4 

47.5 

5. 

57.4 

56.3 

(D 

8.1 

7.7 

(2) 

1.4 

0.0 

(3) 

33.2 

36.0 

6. 

44.1 

45.0 

(D 

14.0 

16.4 

(2) 

0.0 

0.0 

(3) 

42.0 

38.6 

7. 

38.4 

38.9 

(2) 

23.1 

22.5 

(1) 

1.5 

1.7 

(3) 

37.0 

37.0 

a. 

59.3 

56.0 

(D 

5.6 

6.4 

(2) 

0.0 

1.0 

(3) 

35.2 

36.6 

9. 

35.1 

37.3 

(2) 

27.2 

27.4 

(D 

0 

0 

(3) 

33.7 

35.3 

10. 

35.0 

36.1 

(2) 

28.9 

24.6 

(D 

0 

0 

(3) 

36.9 

40.1 

n. 

52.3 

50.3 

(D 

8.4 

7.3 

(2) 

3.0 

3.9 

(3) 

36.3 

36.8 

12. 

38.4 

37.5 

(2) 

24.0 

25.9 

(D 

2.9 

0,6 

(3) 

34.5 

35.8 

13. 

68.0 

67.4 

(1; 

5.8 

6.3 

(2) 

— 

— 

26.2 

26.4 

14. 

53.4 

54.4 

(D 

15.0 

16.1 

(2) 

— 

— 

31.7 

29.5 

15. 

37.4 

38.4 

(D 

25.6 

24,9 

(2) 

— 

— 

37.0 

37.7 
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6.  Appendix, 

The  solution  method  was  first  applied  to  check  the  operation  of 
nozzle  impactors  used  in  the  study  to  collect  the  aerosol  samples. 
The  collection  efficiency  of  such  impactors  is  generally  increased 
if  the  collection  surface  is  coated  with  a  stickv  film  of  silicon 
oil  etc.  The  study  of  growth  curves,  however,  does  not  allow  the 
use  of  such  materials.  On  the  other  hand  the  impactor  is  the  only 
collection  method  capable  of  concentrating  a  sufficient  amount  of 
material  on  a  small  area  so  that  the  weight  ratio  of  sample  to 
collection  plate  becomes  large  enough. 

The  experiments  discussed  in  the  following  are  very  preliminary 
and  shall  only  serve  to  demonstrate  the  kind  of  studies  which  can 
be  performed  and  the  kind  of  results  which  can  be  expected.  Final 
measurements  are  in  preparation. 

The  experiments  are  concerned  with  the  collection  efficiency  of 
impactors  for  natural  aerosols  as  a  function  of  the  relative  humi¬ 
dity.  In  one  set  of  experiments  we  used  two  identical  impactors  in 
parallel  in  front  of  which  the  air  is  passed  through  two  tubes  of 
equal  size,  one  of  which  was  wet  inside.  The  sample  collected  at 
higher  humidity  (  >  7 5% )  had  approximately  twice  the  mass  of  the 
low  humidity  sample.  (  <cf  65%),  This  difference  can  not  be  explained 
solely  by  the  growth  of  the  aerosol  particles  due  to  the  increase 
in  humidity.  It  must  be  assumed  that  in  adoition  the  collection 
efficiency  is  increased  due  to  the  higher  water  content  of  the  par¬ 
ticles.  In  earlier  studies  we  found  that  in  general  the  collection 
efficiency  of  natural  aerosols  is  rather  high  on  a  plain  surface 
in  an  impactor  if  the  relative  humidity  is  above  70%. 

The  relative  humidity  of  the  two  samples  was  also  different.  The  dry 
impactor  showed  a  higher  fraction  of  soluble  matter,  although  the 
absolute  amount  was  still  smaller  than  with  the  wet  impuctor.  The 
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organic  fractions  mere  about  the  same  in  both  samples. 

In  another  set  of  experiments  both  impactors  mere  operated  in 
series.  Comparison  of  the  composition  of  the  samples  gives  informa¬ 
tion  on  the  collection  efficiencies  of  insoluble  and  water  soluble 
material  and  on  material  soluble  in  various  organic  solvents.  Use 
of  the  dry  and  met  tube  in  this  case  gives  additional  information 
on  the  depandance  of  the  quantities  on  the  relative  humidity  of  the 
air  sampled.  Preliminary  experiments  indicate  considerable  diffe¬ 
rences  for  the  different  kind  of  material  and  pronounced  variations 
with  humidity . 

To  far  as  we  see  now  there  are  three  processes  involved  to  produce 
these  effects  of  the  humidity: 

a)  growth  of  particles  by  humidity 

b)  preferred  attachment  of  water  containing  "moist"  particles 

c)  better  collection  efficiency  of  the  collecting  surface  after 
formation  of  the  first  layer  of  "moist"  particles. 
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nounced  hysteresis  for  decreasing  relative  humidity. 

Pig.  5  Growth  curves  of  artificial  poly-ionic  mixtures.  The  follow¬ 
ing  table  gives  the  composition  of  the  several  mixtures 
(in  weight  percent) 
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Pig.  7  Growth  curves  of  artificial  mixtures  of  soluble  and  insoluble 
materials.  The  insoluble  fraction  is  about  65)6.  To  show  the 
influence  of  the  insoluble  matter,  the  water  absorbed  by  the 
samples  is  related  to  mo#,  the  dry  mass  of  the  saltf raction. 

curve  a  Growth  curve  of  pure  NaXl 

curve  b  Growth  curve  of  a  mixture  of  35£  NaCl  and  65)6  grin¬ 
ded  sand  (0.1  <  r  <  1  At) 

curve  c  Growth  curve  of  a  mixture  of  35l>  NaCl  and  64)6  Merosil 
(Aerosii  ■  SiO,  0.01  <  r  0.05  aj) 
curve  d  Growth  curve  or  a  mixture  of  35‘,/NaCl  and  65)6  porous 
silicagel 

curve  s  Growth  curve  of  the  silicagel  fraction  of  sample  d 
all one 

Pig.  B  Growth  curves  and  hysteresis  of  natural  aaroaols  and  the 

growth  of  the  water  soluble  and  insoluble  frec’ions  of  the 

same  sampla. 

curve  a  natural  mixtura 

curve  b  watar  soluble  fraction 

curve  c  water  insoluble  fraction 
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